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(57) A sheet carrying apparatus reduces skew of a
sheet during carriage, and realizes high-quality print. A
position detecting sensor detects a position in a direction
perpendicular to a sheet carrying direction of the sheet
carried by a sheet carrying roller. A skew angle of the
sheet is calculated depending upon a deviation of the
detected position from a predetermined reference posi-
tion. Load rollers are on the right and left sides with
respect to a sheet center line in the sheet carrying direc-
tion, and are respectively opposed to following rollers
through the sheet so as to bring the sheet into pressure
contact. A torque limiter to apply a braking force to the
load roller, and the load roller are coupled or released by
electromagnetic clutches. Thereby, the carrying forces
can independently be controlled on the right and left
sides of the sheet depending upon the skew angle.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a sheet carrying apparatus to carry, for example, a recording paper, or the original
for use in a printer, a copying machine, facsimile, a duplicating apparatus, or the like.

Description of the Prior Art

Fig. 49 is a perspective view showing an essential part of a sheet carrying apparatus for a conventional color thermal
printer disclosed in Japanese Patent Publication (Kokai) No. 4-10965. Fig. 50 is a side view thereof. In Fig. 49, an ink
sheet 6 and an ink sheet carrying portion are omitted. In Figs. 49 and 50, reference numeral 1 means a sheet carrying
roller, 2 is first pulleys, 3 is timing belts, 4 is second pulleys, 5 is third pulleys, 6 is an ink sheet, 7 is a sheet supply
portion, 9 is a thermal head, and 10 is a clamp mechanism to clamp a distal end of a sheet. The clamp mechanism is,
for example, a clamper. Reference numerals 11 and 12 mean drive motors, 13 is a torque limiter, 15 is a supply roll, 16
is a winding roll, 17 is a drive motor, 18 and 19 are torque limiters, and 30 is the sheet. The two first pulleys 2, the two
timing belts 3, the two second pulleys 4, and the two third pulleys 5 are respectively disposed on the right and left sides
with respect to a sheet center line in a sheet carrying direction.

When the sheet 30 is supplied from the sheet supply portion 7, and the distal end thereof is inserted into the clamper
10, the clamper 10 is closed by an unillustrated clamper opening and closing mechanism so that the clamper 10 can
clamp the distal end of the sheet 30. The clamper 10 includes a bridge 10a and a holder 10b mounted to the bridge
10a. The bridge 10a is interposed between the right and left timing belts 3 to extend in a direction perpendicular to the
sheet carrying direction. The distal end of the sheet 30 is clamped by the bridge 10a and the holder 10b.

The timing belts 3 are tensed through the first pulleys 2, the second pulleys 4, and the third pulleys 5. A shaft to
which the second pulleys 4 are secured is coupled with the drive motor 12 through the torque limiter 13. The clamper
10 mounted to the timing belts 3 is moved by forward rotation of the drive motor 12 in a direction shown by the arrow A
while the clamper 10 clamping the sheet 30. Unless the torque limiter 13 is slipped, a speed V5 of the clamper is deter-
mined by a rotational speed of the drive motor 12. When the sheet 30 clamped by the clamper 10 reaches the sheet
carrying roller 1, the thermal heat 9 is brought into pressure contact with the sheet 30 by an unillustrated mechanism,
and the ink sheet 6 and the sheet 30 are held between the sheet carrying roller 1 and the thermal head 9.

The sheet carrying roller 1 is coupled with the drive motor 11. Forward rotation of the drive motor 11 can carry the
ink sheet 6 and the sheet 30. The ink sheet 6 is supplied from the supply roll 15 to pass through the sheet carrying roller
1 and the thermal head 9, and is wound up by the winding roll 16. The winding roll 16 is coupled with the drive motor
17 through the torque limiter 18. Rotation of the drive motor 17 rotates the winding roll 16. Further, the supply roll 15 is
coupled with the torque limiter 19.

In the above structure, while the sheet 30 is clamped by the clamper 10, the sheet 30 is circularly carried through
the first pulleys 2, the third pulleys 5, and the second pulleys 4 so as to return to an original position. During the operation,
the thermal head 9 is brought into pressure contact with the sheet 30 through the ink sheet 6, thereby transferring print
color material applied onto the ink sheet 6 to the sheet 30. In particular, in case of a color thermal printer, the transferring
operation is repeated three or four times, and the ink sheet 6 is exchanged to provide different colors for each transfer,
resulting in formation of a color image.

At a time of print, as described above, the sheet 30 is held together with the ink sheet 6 between the sheet carrying
roller 1 and the thermal head 9. Therefore, the sheet 30 is carried at a constant speed V1 which is determined by a
rotational speed of the sheet carrying roller 1. Here, the speed V., of the clamper 10 is set to be continuously faster than
the speed V4. Hence, during the print operation, the torque limiter 13 is slid to absorb a difference between the speeds
V4 and V,. When the torque limiter 13 is slid, predetermined torque determined by the torque limiter 13 is transmitted
to the clamper 10 through the second pulleys 4 and the timing belts 3. That is, at the time of print, the clamper 10 tenses
the sheet 30 with tensile strength according to the predetermined torque. Further, a speed V3 of the ink sheet is set to
be continuously faster than the speed V4. Thus, as in the clamper 10, at the time of print, tensile strength determined
by diameters of the torque limiter 19 and the winding roll 16 is applied to the ink sheet 6 on the winding side. In addition,
tensile strength determined by a torque value of the torque limiter 19 and a diameter of the supply roll 15 is applied to
the ink sheet 6 on the supplying side. Each of the tensile strength is applied to carry the ink sheet 6 without wrinkling
the ink sheet 6.

However, in order to print on the sheet 30 at a predetermined position, it is necessary to finely control, for example,
pressure contacting forces in members, and tensile strength of the sheet 30 and the ink sheet 6 such that the sheet 30
is carried in a predetermined carrying direction at a predetermined carrying speed. For example, when a lateral pressure
contacting force of the thermal head 9 to the sheet carrying roller 1 is offset, the carrying speed of the sheet 30 tends
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to become larger in a direction from a position with a low pressure contacting force to a position with a high pressure
contacting force. As a result, there is a problem in that the sheet 30 is carried in a state in which the sheet 30 is deviated
from the predetermined carrying direction, that is, so-called skew is caused. The skew of the sheet 30 may cause reduce
image quality because the image can not be printed on the sheet 30 at the predetermined position.

Further, when a diameter of the sheet carrying roller 1 is increased due to thermal expansion, for example, if a
higher gray level image is printed exclusively on a single side in a horizontal scanning direction, the skew is caused.
Further, when the diameter of the sheet carrying roller 1 is increased due to thermal expansion, if the higher gray level
image is printed through an entire print area, there is another problem in that an amount of carriage of the sheet 30 is
deviated from a regular value. That is, the whole amount of carriage is increased so that a predetermined print length
can not be obtained.

Since a rubber roller is typically used as the sheet carrying roller 1, wear is caused in the sheet carrying roller 1 due
to long-term use so as to decrease its diameter. Hence, there is still another problem in that the print length becomes
shorter than that of a predetermined value in process of time.

Axial chattering may be generated in the respective pulleys 2, 4, and 5 at which the timing belts 3 are wound. Thus,
there is a further problem in that the clamper 10 secured to the timing belts 3 is deviated by this chattering in the horizontal
scanning direction, and the sheet 30 is translated (hereinafter referred to as shifted) in the horizontal scanning direction.

When only a partial distal end of the sheet 30 is slightly released from the clamper 10, the sheet 30 is carried in a
slightly inclined state. Thus, there is a further problem in that an amount of shift is more increased at a later end of the
sheet.

Further, in the sheet 30, the skew, a deviation of the amount of carriage, and the shift may concurrently be generated.
In such a case, it is impossible to overcome the above problems by only control in view of mechanism.

In particular, in case of the thermal color printer, the skew of the sheet, the variation in the amount of carriage in
the carrying direction, and the shift in the horizontal scanning direction may be generated during print and carriage. As
a result, registration of colors can not be made at a predetermined position, resulting in misregistration of the colors.
The misregistration of color may reduce the image quality.

SUMMARY OF THE INVENTION

In order to overcome the above problems, it is an object of the present invention to provide a sheet carrying apparatus
which can correct skew of a sheet during carriage, and enables high-quality print. It is another object of the present
invention to provide a sheet carrying apparatus which can correct an amount of carriage or a shift of the sheet during
carriage, and enables the high-quality print. It is still another object of the present invention to provide a sheet carrying
apparatus which enables the high-quality print even when the sheet is carried a plurality of times on the same path.

According to one aspect of the present invention, for achieving the above-mentioned objects, there is provided a
sheet carrying apparatus including sheet carrying means for carrying a sheet, position detecting means for detecting a
position of the sheet during carriage in a direction perpendicular to a sheet carrying direction, calculating means for
calculating a skew angle of the sheet depending upon a deviation of the position of the sheet detected by the position
detecting means from a predetermined reference position, carrying force control means disposed on the right and left
sides with respect to a sheet center line in the sheet carrying direction so as to extend in the direction perpendicular to
the sheet carrying direction, for controlling a carrying force for the sheet during carriage, and driving means for inde-
pendently driving the right and left carrying force control means depending upon the skew angle calculated by the cal-
culating means.

The above calculating means calculates the skew angle depending upon the position of the sheet detected by the
position detecting means during sheet carriage. Further, the carrying force control means control the carrying force for
the sheet depending upon the skew angle such that the sheet is rotated in a direction opposed to a direction of the
calculated skew, thereby correcting the skew of the sheet during the sheet carriage.

According to another aspect of the present invention, there is provided a sheet carrying apparatus including sheet
carrying means for carrying a sheet, carriage detecting means for detecting an amount of carriage of the sheet during
carriage at a plurality of positions in a direction perpendicular to a sheet carrying direction, calculating means for calcu-
lating a skew angle of the sheet and a deviation of the amount of carriage depending upon deviations of the amounts
of carriage detected by the carriage detecting means from a predetermined amount of reference carriage, carrying force
control means disposed on the right and left sides with respect to a sheet center line in the sheet carrying direction so
as to extend in the direction perpendicular to the sheet carrying direction, for controlling a carrying force for the sheet
during carriage, driving means for independently driving the right and left carrying force control means depending upon
the skew angle calculated by the calculating means, and carriage control means for controlling the amount of sheet
carriage depending upon the deviation of the amount of carriage calculated by the calculating means.

During sheet carriage, the above carriage detecting means detect the amounts of carriage of the sheet at two or
more positions in the direction perpendicular to the sheet carrying direction. The calculating means calculates the skew
angle of the sheet and the deviation of the amount of carriage depending upon the deviations of the amounts of carriage
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detected by the carriage detecting means from the predetermined amount of reference carriage. Further, the carrying
force control means control the carrying force for the sheet depending upon the calculated skew angle, and control the
amount of sheet carriage depending upon the deviation of the calculated amount of carriage, thereby correcting the
skew of the sheet and the deviation in the carrying direction during sheet carriage.

The carrying force control means include, for example, carriage load applying means for applying carriage load to
the sheet at a portion in the upstream of the sheet carrying means.

The above carriage load applying means apply the carriage load to the sheet at the portion in the upstream of the
sheet carrying means. When the sheet is skew, the skew is corrected by applying the carriage load to the sheet on the
side moved more ahead, or removing the carriage load from the sheet on the side delayed.

The carrying force control means may include carrying force applying means for applying the carrying force to the
sheet at a portion in the downstream of the sheet carrying means.

The above carrying force applying means apply the carrying force to the sheet at the portion in the downstream of
the sheet carrying means. When the sheet is skew, the skew is corrected by applying the carrying force in the carrying
direction to the sheet on the side whose carriage is delayed, or removing the carrying force from the sheet on the side
carried more ahead.

The carriage load applying means are, for example, disposed in the upstream of the sheet carrying means, and
include load rollers rotating by pressure contact with the sheet with a predetermined pressure contacting force, braking
means able to apply a constant or predetermined range of braking force to the load rollers, and following rollers disposed
at positions opposed to the load rollers through the sheet.

The above carriage load applying means apply the carriage load to the sheet by the braking means applying the
braking force to the load rollers in contact with the sheet.

The carriage load applying means may be disposed in the upstream of the sheet carrying means, and may include
load members to contact the sheet so as to apply the carriage load to the sheet, pressure contact members disposed
at positions opposed to the load members through the sheet, and a pressure contact mechanism to bring the pressure
contact members into pressure contact with or disengage the pressure contact members from the sheet.

The above carriage load applying means couple the braking means with the load rollers in contact with the sheet,
and applies the carriage load to the sheet when the pressure contact rollers opposed to the load rollers through the
sheet are brought into pressure contact with the sheet with a predetermined pressure contacting force. Further, no
carriage load is applied to the sheet when the pressure contact rollers are disengaged from the sheet.

The carriage load applying means may be disposed in the upstream of the sheet carrying means, and may include
electrodes disposed at positions in contact with the sheet, and a power source to apply voltage to the electrodes.

The above carriage load applying means cause the electrodes to electrically attract the sheet when the voltage is
applied to the electrodes disposed at the positions in contact with the sheet, thereby applying a frictional force between
the sheet and the electrodes to the sheet as the carriage load. When no voltage is applied to the electrodes, no carriage
load is applied to the sheet.

The carriage load applying means may be disposed in the upstream of the sheet carrying means, and may include
magnetic members having magnetism, inductors disposed at positions opposed to the magnetic members through the
sheet and able to attract the magnetic members, a power source to apply current to the inductors, and a supporting
mechanism to clamp or release the sheet in conjunction with the magnetic members and the inductors.

In the above carriage load applying means, when current is applied to the inductors, the sheet is held between the
inductors and the magnetic members, thereby applying a frictional force between the sheet and the magnetic members
to the sheet as the carriage load. When no current is applied to the inductors, no carriage load is applied to the sheet.

The carrying force applying means may be disposed in the downstream of the sheet carrying means, and may
include a clamp mechanism to clamp a distal end of the carried sheet, and clamp drive mechanisms to independently
carry, by a predetermined driving force, the clamp mechanism on the right and left sides with respect to the sheet center
line in the sheet carrying direction.

In the above carrying force applying means, the distal end of the carried sheet is clamped by the clamp mechanism,
and the clamp drive mechanisms carry the clamp mechanism by the predetermined driving force so as to apply the
carrying force to the sheet.

The sheet carrying apparatus may further include an ink sheet, ink sheet carrying means for carrying the ink sheet
while applying tensile strength, and an ink sheet roller following and rotating by contacting the ink sheet. In the sheet
carrying apparatus, both the sheet and the ink sheet may be carried in a print portion, and the carrying force control
means may include vertically movable mechanisms to move the ink sheet roller in a direction in contact with the ink
sheet and in its reverse direction.

The above carrying force control means include the ink sheet which is carried while the tensile strength is applied
to the ink sheet, and the ink sheet roller which is movable in the direction in contact with the ink sheet. Therefore, both
the ink sheet roller and the sheet can be carried in the print portion. The vertically movable mechanisms vary a balance
of the tensile strength of the ink sheet so as to control the carrying force applied to the sheet.
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In the sheet carrying apparatus, if a sheet is carried a plurality of times on the same carrying path, the calculating
means may store a position of the sheet detected by the position detecting means during first carriage of one sheet so
as to calculate a skew angle by using the stored position of the sheet as a reference position during second or later
carriage.

In the above sheet carrying apparatus, registration is made between the reference position of the sheet in second
or later carriage and the position of the sheet during first carriage. As a result, it is possible to reduce a variation in the
skew angle of the sheet generated due to a slight variation in sheet shape.

The carriage detecting means may be disposed on the right and left sides with respect to the sheet center line in
the sheet carrying direction so as to extend in the direction perpendicular to the sheet carrying direction, and may include
carriage detecting rollers respectively contacting the sheet so as to independently follow and rotate, and sensors to
detect rotations of the carriage detecting rollers. Further, the calculating means includes first calculating means for
calculating carriage times depending upon output signals from the sensors so as to calculate amounts of deviation of
the carriage times from a predetermined reference time, and second calculating means for calculating a skew angle of
the sheet and a deviation of the amount of carriage depending upon the amounts of deviation calculated by the first
calculating means.

The first calculating means calculates the deviation of the carriage times from the reference carriage time on the
right and left sides with respect to the sheet center line in the sheet carrying direction. The second calculating means
calculates the skew angle of the sheet and the deviation of the amount of carriage depending upon the deviation of the
carriage time.

The carrying force control means may be disposed in the upstream of the sheet carrying means, and may include
carriage load applying means, for applying carriage load to the sheet at a portion in the upstream of the sheet carrying
means, having load rollers rotating by pressure contact with the sheet with a predetermined pressure contacting force,
braking means able to apply a constant or predetermined range of braking force to the load rollers, and following rollers
disposed at positions opposed to the load rollers through the sheet. The carriage detecting rollers and the carriage load
applying means are disposed at positions mutually opposed through the sheet and are brought into pressure contact
with the sheet with a predetermined pressure contacting force.

Since the carriage load applying means are disposed at positions opposed to the carriage detecting rollers, a struc-
ture of the apparatus is simplified.

The second calculating means may calculate a deviation of the amount of carriage for each n rotation (n is a natural
number) of the carriage detecting roller.

The above second calculating means calculates the deviation of the amount of carriage for each n rotation (n is the
natural number) of the carriage detecting roller. As a result, it is possible to reduce a variation in detected values of the
deviation of the amount of carriage due to eccentricity of the carriage detecting roller or ununiformity in mark intervals
of the carriage detecting roller.

In the sheet carrying apparatus, if one sheet is carried a plurality of times on the same carrying path, the sheet
carrying apparatus may include a registration mechanism to perform origin registration of a rotation angle of the carriage
detecting roller for each carriage of the sheet.

The registration mechanism performs the origin registration of the rotation angle of the carriage detecting roller for
each carriage of the sheet. As a result, since rotation of the carriage detecting roller is continuously started from the
same position, it is possible to reduce a variation in detected values of the deviation of the amount of carriage due to
the eccentricity of the carriage detecting roller or the ununiformity in mark intervals of the detecting roller.

In the sheet carrying apparatus, if one sheet is carried a plurality of times on the same carrying path, the first
calculating means may store an amount of carriage or a carriage time of the sheet detected by the carriage detecting
means during first carriage so as to calculate a deviation of the amount of carriage by using the stored amount of carriage
or the stored carriage time of the sheet as an amount of reference carriage or a reference carriage time during second
or later carriage.

In the above structure, a state of the carriage detecting roller in second or later carriage can be matched with a state
thereof during first carriage. As a result, it is possible to reduce an adverse effect caused by a variation in diameter of
the carriage detecting roller due to wear.

The carrying force control means may control a carrying force for the sheet at least once on both the right and left
sides depending upon a calculated skew angle so as to concurrently correct a skew angle and a shift of the sheet during
carriage.

The above carrying force control means controls the carrying force at least once on both the right and left sides for
each calculation of the skew angle during carriage depending upon the calculated skew angle, thereby concurrently
correcting the skew angle and the shift of the sheet.

According to still another aspect of the present invention, there is provided a sheet carrying apparatus including
printing means for printing onto a sheet through a print area, position detecting means for detecting a position of the
sheet during carriage in a direction perpendicular to a sheet carrying direction, shift calculating means for calculating
an amount of shift of the sheet depending upon a deviation of the position of the sheet detected by the position detecting
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means from a predetermined reference position, and shift correcting means for moving the print area of the printing
means in the direction perpendicular to the sheet carrying direction depending upon the amount of shift calculated by
the shift calculating means.

The shift calculating means calculate the amount of shift of the sheet in the direction perpendicular to the sheet
carrying direction depending upon the position of the sheet detected by the position detecting means. Further, the shift
correcting means move the print area in the direction perpendicular to the sheet carrying direction depending upon the
calculated amount of shift, thereby correcting the deviation of a print position due to the shift of the sheet.

The printing means may print onto a width longer than a width of the print area in the direction perpendicular to the
sheet carrying direction. In this case, the shift correcting means shifts the print area in the direction perpendicular to the
sheet carrying direction depending upon the amount of shift calculated by the shift calculating means, thereby controlling
the print area.

The above shift correcting means moves the print area depending upon the amount of shift calculated by the shift
calculating means, thereby correcting a deviation of a print position due to the shift.

The shift correcting means may include head moving means for moving the printing means in the direction perpen-
dicular to the sheet carrying direction, and the head moving means may be controlled depending upon the amount of
shift calculated by the shift calculating means.

The above shift correcting means moves the printing means depending upon the amount of shift calculated by the
shift calculating means, thereby correcting a deviation of a print position due to the shit.

In the sheet carrying apparatus, if one sheet is carried a plurality of times on the same carrying path, the shift
calculating means may store the position of the sheet detected by the position detecting means during first carriage. In
this case, the shift calculating means calculates an amount of shift by using the stored position of the sheet as a reference
position during second or later carriage.

The above shift calculating means stores the position of the sheet detected by the position detecting means during
first carriage, and uses the position as the sheet reference position so as to calculate the amount of shift during second
or later carriage. Since a reference position of the print area during second or later carriage is matched with the position
detected during first carriage, it is possible to reduce a variation in the amount of shift of the sheet generated due to a
slight variation in sheet shape.

The above and further objects and novel features of the invention will more fully appear from the following detailed
description when the same is read in connection with the accompanying drawings. It is to be expressly understood,
however, that the drawings are for purpose of illustration only and are not intended as a definition of the limits of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing a control system in the first embodiment of a sheet carrying apparatus of the
present invention;

Fig. 2 is a block diagram showing a control system in the second embodiment of the sheet carrying apparatus of
the present invention;

Fig. 3 is a block diagram showing a control system in the third embodiment of the sheet carrying apparatus of the
present invention;

Fig. 4 is a block diagram showing a control system in the fourth embodiment of the sheet carrying apparatus of the
present invention;

Fig. 5is a perspective diagram showing an essential structure in the fifth embodiment of the sheet carrying apparatus
of the present invention;

Fig. 6 is a block diagram showing a control system in the fifth embodiment;

Fig. 7 is an explanatory view illustrating a method of calculating an amount of skew in the fifth embodiment;

Fig. 8 is an explanatory view illustrating a principle of correction in the fifth embodiment;

Fig. 9 is a flowchart showing a correcting operation of a CPU in the fifth embodiment;

Fig. 10 is a wiring diagram showing partial carriage load applying means in the sixth embodiment of the present
invention;

Fig. 11 is a wiring diagram showing another embodiment of the partial carriage load applying means in the sixth
embodiment;

Fig. 12 is a perspective view showing an essential structure in the seventh embodiment of the sheet carrying appa-
ratus of the present invention;

Fig. 13 is an explanatory view illustrating operations of load rollers in the seventh embodiment;

Fig. 14 is a block diagram showing a control system in the seventh embodiment of the sheet carrying apparatus;
Fig. 15 is a perspective diagram showing an essential structure in the eighth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 16 is an explanatory view illustrating operations of pressure contact rollers in the eighth embodiment;



10

15

20

25

30

35

40

45

50

55

EP 0 694 411 A2

Fig. 17 is a block diagram showing a control system in the eighth embodiment;

Fig. 18 is a flowchart showing a correcting operation of a CPU in the eighth embodiment;

Fig. 19 is a perspective diagram showing an essential structure in the tenth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 20 is a block diagram showing a control system in the tenth embodiment;

Fig. 21 is a perspective diagram showing an essential structure in the eleventh embodiment of the sheet carrying
apparatus of the present invention;

Fig. 22 is a perspective diagram showing an essential structure in the twelfth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 23 is a block diagram showing a control system in the twelfth embodiment;

Fig. 24 is a perspective diagram showing an essential structure in the thirteenth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 25 is a perspective diagram showing an essential structure in the fourteenth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 26 is a side view showing the essential structure in the fourteenth embodiment of the sheet carrying apparatus;
Fig. 27 is a block diagram showing a control system in the fourteenth embodiment;

Fig. 28 is an explanatory view of a principle of correction in the fourteenth embodiment;

Fig. 29 is a block diagram showing a control system in the fifteenth embodiment of the sheet carrying apparatus of
the present invention;

Fig. 30 is a flowchart showing the steps of processing in the fifteenth embodiment;

Fig. 31 is a perspective view showing an essential structure in the seventeenth embodiment of the sheet carrying
apparatus;

Fig. 32 is a block diagram showing a control system in the seventeenth embodiment;

Fig. 33 is a graph showing a relationship between a carriage time and an amount of carriage in the seventeenth
embodiment;

Fig. 34 is an explanatory view of a principle of detection of a deviation of an amount of carriage in the seventeenth
embodiment;

Fig. 35 is a flowchart showing the steps of processing in the seventeenth embodiment;

Fig. 36 is a perspective view showing an essential structure in the eighteenth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 37 is a block diagram showing a control system in the eighteenth embodiment;

Fig. 38 is a perspective view showing an essential structure in the nineteenth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 39 is a perspective view showing a registration mechanism in the nineteenth embodiment;

Fig. 40 is an explanatory view showing operations in the twenty-third embodiment of the sheet carrying apparatus
of the present invention;

Fig. 41 is an explanatory view showing a relationship between a skew angle and an amount of shift in the twenty-
third embodiment;

Fig. 42 is a block diagram showing a control system in the twenty-fourth embodiment of the sheet carrying apparatus
of the present invention;

Fig. 43 is a perspective view showing an essential structure in the twenty-fifth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 44 is a plan view showing the vicinity of a print area portion in the twenty-fifth embodiment;

Fig. 45 is a block diagram showing a control system in the twenty-fifth embodiment;

Fig. 46 is a plan view showing the vicinity of a print area portion in the twenty-fifth embodiment;

Fig. 47 is a perspective view showing an essential structure in the twenty-sixth embodiment of the sheet carrying
apparatus of the present invention;

Fig. 48 is a block diagram showing a control system in the twenty-sixth embodiment;

Fig. 49 is a perspective view showing an essential structure of a conventional sheet carrying apparatus; and

Fig. 50 is a side view showing the essential structure of the conventional sheet carrying apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment 1

Fig. 1 is a block diagram showing a control system in the first embodiment of a sheet carrying apparatus of the
present invention. In Fig. 1, reference numeral 20 means position detecting means for detecting a position of a sheet in

a direction perpendicular to a sheet carrying direction (i.e., in a horizontal scanning direction), 21 is calculating means
(skew angle calculating means) for calculating a skew angle of the sheet, 22 is skew deciding means for deciding whether
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or not the sheet is skew depending upon the calculated skew angle, 23a and 23b are driving means, and 24a and 24b
are carrying force control means mounted on the right and left sides of the sheet to correspond to the driving means
23a and 23b. The carrying force control means 24a and 24b are mounted on the right and left sides with respect to a
sheet center line in the sheet carrying direction so as to independently control application of a carrying force to the sheet.
In the following discussion, one of the driving means 23a and 23b is sometimes referred to as driving means 23, and
one of the carrying force control means 24a and 24b is sometimes referred to as carrying force control means 24.

A description will now be given of correction of skew of the sheet. The position detecting means 20 detects, on
demand during carriage, the position of the sheet carried by sheet carrying means. Here, the detected position of the
sheet is a position in the horizontal scanning direction. The skew angle calculating means 21 calculates the skew angle
0¢ of the sheet depending upon a deviation of sheet position data outputted from the position detecting means 20 from
a predetermined reference position. Next, the skew deciding means 22 compares the calculated skew angle 6¢ with a
predetermined permissible skew angle 6y. If the skew angle 6. exceeds the permissible skew angle 08¢, the skew deciding
means 22 selects any one of the carrying force control means 24a and 24b depending upon the skew angle 6¢ such
that the sheet is skewed in a direction opposed to the calculated skew. Further, the skew deciding means 22 outputs a
drive signal to the driving means 23 corresponding to the selected carrying force control means 24. The driving means
23 drives carrying force control means 24 according to the drive signal inputted from the skew deciding means 22. As
a result, the carrying force is applied to the sheet so as to correct the skew of the sheet. When a value of 6 calculated
after the carrying force control means 24 is driven becomes within 6g, drive of the carrying force control means 24 is
stopped, or the carrying force control means 24 returns to a predetermined initial state.

The above operation is repeated until carriage of the sheet is completed. It is thereby possible to correct the skew
of the sheet generated during carriage without stopping the carriage of the sheet.

The magnitude of the permissible skew angle 6, is less than a desired target value, and is determined in consider-
ation of, for example, detection accuracy of the position detecting means 22 or correction accuracy by the carrying force
control means 24.

Detailed embodiments of the respective means will be described in the fifth and later embodiments.

Embodiment 2

Fig. 2 is a block diagram showing a control system in the second embodiment of the sheet carrying apparatus of
the present invention. In Fig. 2, carriage detecting means 25 are opposed to a sheet, and are disposed at predetermined
positions in a horizontal scanning direction so as to detect amounts of carriage of the sheet at the respective positions.
When the carriage detecting means 25 include a plurality of detecting elements, the elements are respectively referred
to as carriage detecting means 25a, 25b, and 25¢. Though the three carriage detecting means 25a, 25b, and 25¢ are
illustrated in Fig. 2, it must be noted that the present invention should not be limited to three carriage detecting means,
and only one carriage detecting means may be sufficient as long as it is possible to detect the amounts of carriage at
two or more positions in the horizontal scanning direction, or a distribution of the amount of carriage in the horizontal
scanning direction.

As the carriage detecting means 25, it is possible to employ, for example, a plurality of laser Doppler speedometer
disposed at a plurality of positions in the horizontal scanning direction with respective to the sheet, or one pair of a light
source and a two-dimensional CCD sensor opposed to the sheet. Reference numeral 26 means carriage control means
for controlling so as to substantially uniformly provide a carrying speed of the sheet in the horizontal scanning direction.
Reference numeral 27 means calculating means, 28 is carriage deviation deciding means, and 29 is driving means for
driving the carriage control means 26.

A description will now be given of correction of skew of the sheet and a deviation of the amount of carriage. The
carriage detecting means 25 detect the amount of carriage of the sheet at predetermined positions on the sheet on
demand. The calculating means 27 calculates the skew angle 6 of the sheet and the deviation AY of the amount of
carriage depending upon a deviation of amount of carriage data outputted from the carriage detecting means 25 from
a predetermined amount of carriage. The calculated skew angle 6 and the deviation AY are respectively outputted to
skew deciding means 22 and the carriage deviation deciding means 28. The skew deciding means 22 compares the
skew angle 6 with a predetermined permissible skew angle 8q. The carriage deviation deciding means 28 compares
the deviation AY with a deviation AY of a predetermined amount of permissible carriage. If the skew angle 6. exceeds
the permissible skew angle 6y, the skew deciding means 22 carries out correction depending upon the skew angle 6¢
in the same process as that in the first embodiment.

Further, if the deviation AY of the amount of carriage exceeds the deviation AY, of the amount of permissible carriage,
the carriage deviation deciding means 28 outputs carriage correcting data depending upon the deviation AY to the driving
means 29. The driving means 29 drives the carriage control means 26 according to the carriage correcting data. When
the deviation AY and the skew angle 6. calculated after each correcting operation is started become within AYg and 6y,
the correcting operations corresponding to the calculated values are stopped, or the carriage control means 26 returns
to a predetermined initial state.
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The above operation is repeated until carriage of the sheet is completed. It is thereby possible to correct the skew
of the sheet and the deviation of the amount of carriage which are generated during carriage without stopping the carriage
of the sheet.

As used herein, the magnitudes of the permissible skew angle 6y and the deviation AY( of the amount of permissible
carriage are less than desired target values, and are determined in consideration of, for example, detection accuracy of
the carriage detecting means 25, and correction accuracy by the carrying force control means 24 and the carriage control
means 26.

Detailed embodiments of the respective means will be described in the fifth and later embodiments.

Embodiment 3

Fig. 3 is a block diagram showing a control system in the third embodiment of the sheet carrying apparatus of the
present invention. In the sheet carrying apparatus according to the embodiment, there are provided carriage load apply-
ing means for applying carriage load to a sheet 30 at a portion disposed in the upstream of sheet carrying means,
corresponding to the carrying force control means 24a and 24b in the first and second embodiments. The carriage load
applying means 130a and 130b are disposed, in the upstream of the sheet carrying means, on the right and left sides
with respect to a sheet center line in a sheet carrying direction so as to independently apply the carriage load to the
sheet. In the following discussion, the carriage load applying means 130a or 130b is sometimes referred to as carriage
load applying means 130.

A description will now be given of correction of skew of the sheet. Skew deciding means 22 compares a skew angle
6¢ calculated in skew angle calculating means 21 with a predetermined permissible skew angle 6y. If the skew angle
0 exceeds the permissible skew angle 6y, the skew deciding means 22 selects any one of the carriage load applying
means 130a and 130b depending upon the skew angle 6¢ such that the sheet is skewed in a direction opposed to the
calculated skew. Specifically, the carriage load applying means 130 to be driven is selected so as to apply the carriage
load to the sheet on the side carried more ahead due to the skew. Further, the skew deciding means 22 outputs a drive
signal to driving means 23 corresponding to the selected carriage load applying means 130. The driving means 23
drives the carriage load applying means 130 according to the drive signal inputted from the skew deciding means 22
so as to apply the carriage load to the sheet. When a value of 6 calculated after the carriage load applying means 130
is driven becomes within 6y, drive of the carriage load applying means 130 is stopped.

The above operation is repeated until carriage of the sheet is completed. It is thereby possible to correct the skew
of the sheet generated during carriage without stopping the carriage of the sheet.

Though the carriage load is applied to the sheet at a time of correction in the embodiment, it must be noted that the
skew correction for the sheet should not be limited to such a control method. For example, when the correction is not
required, the carriage load applying means 130a or 130b may uniformly apply predetermined carriage load to the right
and left sides of the sheet. Further, at the time of correction, the carriage load on any one of both the sides may be
removed depending upon the skew angle 6, resulting in the same effect. In this case, the carriage load applying means
130 is driven so as to remove the carriage load from the sheet on the side whose carriage is delayed due to the skew.

Embodiment 4

Fig. 4 is a block diagram showing a control system in the fourth embodiment of the sheet carrying apparatus of the
present invention. In the sheet carrying apparatus according to the embodiment, carrying force applying means are
disposed in the downstream of sheet carrying means so as to correspond to the carrying force control means 24 in the
first and second embodiments. Carrying force applying means 131a and 131b are disposed, in the downstream of the
sheet carrying means, on the right and left sides with respect to a sheet center line in a sheet carrying direction so as
to independently apply a carrying force to a sheet. The carrying force is applied in the carrying direction of the carried
sheet. In the following discussion, the carrying force applying means 131a or 131b is sometimes referred to as carrying
force applying means 131.

A description will now be given of correction of skew of the sheet. Skew deciding means 22 compares a skew angle
6¢ calculated in skew angle calculating means 21 with a predetermined permissible skew angle 6y. If the skew angle
6c exceeds the permissible skew angle 6y, the skew deciding means 22 selects any one of the carrying force applying
means 131a and 131b to be driven depending upon the skew angle 6¢ such that the sheet is skewed in a direction
opposed to the calculated skew. Specifically, the carrying force applying means 131 is selected such that the carriage
load is applied to the sheet on the side delayed due to the skew. Further, the skew deciding means 22 outputs a drive
signal to driving means 23 corresponding to the selected carrying force applying means 131. The driving means 23
drives the carrying force applying means 131 according to the drive signal inputted from the skew deciding means 22
so as to apply the carriage load to the sheet. When a value of 6 calculated after the carrying force applying means 131
is driven becomes within 6y, drive of the carrying force applying means 131 is stopped.
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The above operation is repeated until carriage of the sheet is completed. It is thereby possible to correct the skew
of the sheet generated during carriage without stopping the carriage of the sheet.

Though the carriage load is applied to the sheet at a time of correction in the embodiment, it must be noted that the
skew correction for the sheet should not be limited to such a control method. For example, when the correction is not
required, the respective carrying force applying means 131a and 131b may uniformly apply predetermined carrying
forces to the right and left sides of the sheet. Further, at the time of correction, the carrying force on any one of both the
sides may be removed depending upon the skew angle 6, resulting in the same effect. In this case, the carrying force
applying means 131 is driven so as to remove the carrying force from the sheet on the side carried more ahead due to
the skew.

Embodiment 5

Fig. 5is a perspective diagram showing an essential structure in the fifth embodiment of the sheet carrying apparatus
of the present invention. Fig. 5 shows a sheet 30 which is partially cut away. The same reference numerals are used for
component parts equivalent to or identical with those shown in Figs. 49 and 50. In the drawing, an ink sheet 6 and an
ink sheet carrying portion are omitted.

In Fig. 5, a distal end of the sheet 30 is clamped by a clamper 10, and is circularly carried in a direction shown by
the arrow A in the drawing by forward rotation of a sheet carrying roller 1 serving as one embodiment of sheet carrying
means. At the time, the clamper 10 circulates while applying predetermined tensile strength to the sheet 30. In the
upstream of the sheet carrying roller 1, there are disposed, on the right and left sides with respect to a sheet center line
in a sheet carrying direction, load rollers 31a and 31b and following rollers 36a and 36b respectively having substantially
the same diameter so as to extend in a horizontal scanning direction. In the following discussion, the load roller 31a or
31b is sometimes referred to as load roller 31, and the following roller 36a or 36b is sometimes referred to as following
roller 36. Further, the respective rollers 31 and 36 are independently and rotatably supported. For example, rubber
rollers, or metallic rollers having fine irregularity of their surfaces are employed as the load rollers 31a and 31b. The load
rollers 31a and 31b are respectively in contact with the following rollers 36a and 36b under predetermined contact
pressure through the sheet 30. Torque limiters 33a and 33b having substantially the same torque value are coupled with
the load rollers 31a and 31b through electromagnetic clutches 32a and 32b. The load rollers 31a and 31b, the torque
limiters 33a and 33b, and the electromagnetic clutiches 32a and 32b form carriage load applying means. The torque
limiters 33a and 33b correspond to braking means for applying braking forces to the load rollers 31a and 31b. Carriage
load determined by the torque values of the torque limiters 33a and 33b is applied to the sheet 30. The electromagnetic
clutches 32a and 32b couple the load rollers 31a and 31b with/disengage the load rollers 31a and 31b from the torque
limiters 33a and 33b, thereby controlling transmission of the carriage load.

It must be noted that the carriage load is smaller than a force by which the sheet 30 is gripped by the sheet carrying
roller 1 in response to pressure contact of a thermal head 9. Therefore, setting is made such that skew can be corrected
substantially without stopping sheet feed at the load roller 31. As sheet position detecting means, a position detecting
sensor 34 is disposed in the vicinity of an edge of the sheet 30 between the sheet carrying roller 1 and the load rollers
31a and 31b. The position detecting sensor 34 includes a light source 34a and two line-type CCD sensors 34b arrayed
in the carrying direction. A position of the sheet edge in the horizontal scanning direction is detected depending upon
a position of shade of the edge of the sheet 30, which is projected onto the CCD sensors 34b.

Fig. 6 is a block diagram showing a control system in the embodiment. The same reference numerals are used for
component parts identical with or equivalent to those shown in Fig. 5. The position of the sheet edge in the horizontal
scanning direction, detected in the position detecting sensor 34, can be outputted as position data to a latch 37 on
demand. In synchronization with a signal from a central processing unit (CPU) 38 of a computer, the position data is
read from the latch 37 into the CPU 38. The CPU 38 implementing skew angle calculating means calculates a skew
angle 8¢ depending upon the read position data of the sheet. Further, the CPU 38 compares the calculated skew angle
0c with a predetermined permissible skew angle 6. It is thereby decided whether or not correction is required. If the
correction is required, the CPU 38 selects, depending upon the calculated skew angle 6¢, an electromagnetic clutch 32
to be driven. Further, the CPU 38 outputs a coupling signal to clutch control means 39 corresponding to the selected
electromagnetic clutch 32. The clutch control means 39 sets the electromagnetic clutch 32 in a coupled state in response
to the inputted coupling signal.

The skew is represented by a deviation forming an angle between a predetermined reference carrying direction of
the sheet and an actual carrying direction, that is, by a rotation angle of the actual carrying direction with respect to the
reference carrying direction. The rotation angle is defined as the skew angle 6¢, and a description will now be given of
one illustrative method of calculating the skew angle 6 with reference to Fig. 7. Fig. 7 is a typical diagram in which the
sheet 30 is skew during carriage, and members in the vicinity of the position detecting sensor 34 are shown. The arrow
A in Fig. 7 denotes the reference carrying direction of the sheet. Further, the line yo shows a print line on the sheet
carrying roller 1, and the lines y, and y, respectively show detecting lines 35a and 35b of the position detecting sensor
34. Further, the line ys is a line extending parallel to the reference carrying direction. The position detecting sensor 34
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is disposed such that the lines y4 and y, can extend substantially parallel to the line yq. Reference positions Og and O4
to detect positions of the sheet edge are provided on the detecting lines 35 such that a line for connecting the positions
04 and O, can extend parallel to the reference carrying direction of the sheet. In the above relationship, as shown in
Fig. 7, the origin is defined as a point Og, the X-axis is defined as the line yg, and the Y-axis is defined as the line ys.
Further, it is considered that the positive skew angle 6¢ is formed in a counterclockwise direction facing the drawing of
Fig. 7. It is thereby possible to find the skew angle 6. by using the following expression (1):

0 =tan " {(Xu - Xd)/L 5} (1)

where Xd is a sheet edge position (an X-coordinate value of a point B4 in Fig. 7) which is detected by the position
detecting sensor positioned in the downstream of the carrying direction, Xu being a sheet edge position (an X-coordinate
value of a point B, in Fig. 7) which is detected by the position detecting sensor positioned in the upstream of the carrying
direction, and L, being a distance between the position detecting sensors in a direction of the Y-axis.

A description will now be given of a principle of correction in the structure according to the embodiment.

Fig. 8 is a diagram illustrating a relationship between a carriage time (s) and the skew angle 6 (deg.), and showing
a case where a sheet carrying apparatus having the same structure as that shown in Fig. 5 is employed, and the elec-
tromagnetic clutch 32b of the load roller 32b on the left side in the carrying direction is coupled with the torque limiter
33b, thereby applying the carriage load to the left side of the sheet. In this case, a sheet carrying speed is 10 mm/s, and
the carriage load applied by the load roller 31b is, for example, 100 gf (gram-force). The sign of the skew angle 6 has
the same meaning as that of 6 in Fig. 7. As seen from Fig. 8, the skew angle 6 of the sheet is more increased as the
carriage time is more elapsed. That is, it can be seen that the sheet 30 is rotated to the left with respect to the reference
carrying direction by applying the carriage load to the left side of the sheet 30. This is because the application of the
carriage load increases extremely slight slip on a contact surface between the sheet carrying roller on the left side of
the sheet and the sheet so as to reduce an amount of carriage of the sheet left side. Though a case of the right side is
not shown, when the carriage load is applied to the right side of the sheet, the skew angle 6 is more decreased according
to the same inclination as that shown in Fig. 8 as the carriage time is more elapsed.

That is, it can be seen that the carrying direction of the sheet can be controlled by applying the carriage load to the
sheet on the right and left sides in the upstream of the carrying roller. Therefore, in order to correct the skew, the carriage
load may be applied such that the sheet is rotated in a direction opposed to a direction of the detected skew. In other
words, the skew can be corrected by applying the carriage load to the sheet on the side carried more ahead due to the
skew. Further, the inclination of the line in Fig. 8 corresponds to a gain of a correction feedback, and depends upon the
torque value of the torque limiter 33 shown in Fig. 5.

Fig. 9 is a flowchart showing a skew correcting operation executed by the CPU 38 depending upon the above
principle. In Step ST1, the CPU 38 initially receives, as input from the latch 37, the position data of the sheet edge in
the course of carriage. In Step ST2, the CPU 38 calculates the skew angle 6. of the sheet 30 by using the position data
according to the expression (1). Subsequently, in a decision of Step ST3, if the calculated skew angle 6 is greater than
the predetermined permissible skew angle 6y, the process proceeds to the correcting operation. For the purpose of the
correction, the CPU 38 selects the electromagnetic clutch 32a or 32b such that the sheet is rotated in a direction opposed
to a sheet rotation direction which is obtained from the sign of the skew angle data 6 The CPU 38 outputs a coupling
signal to the clutch control means 39 corresponding to the selected electromagnetic clutch 32. Then, the selected elec-
tromagnetic clutch 32 couples the torque limiter 33 with the load roller 31.

For example, one decision in Step ST4 that the skew angle 6 is positive, shows that the sheet 30 is rotated to the
left with respect to the carrying direction. For the purpose of the correction, the electromagnetic clutch 32a on the right
side in the carrying direction may be coupled so as to rotate the sheet 30 to the right. Therefore, in Step ST5, a coupling
signal is outputted to the clutch control means 39a, and the clutch control means 39a couples the electromagnetic clutch
32a according to the inputted coupling signal. Otherwise, another decision in Step ST4 that the skew angle 6 is negative,
shows that the sheet 30 is rotated to the right with respect to the carrying direction. For the purpose of the correction,
the electromagnetic clutch 32b on the left side in the carrying direction may be coupled so as to rotate the sheet 30 to
the left. Therefore, in Step ST6, a coupling signal is outputted to the clutch control means 39b, and the clutch control
means 39b couples the electromagnetic clutch 32b according to the inputted coupling signal.

After coupling, when the calculated skew angle 6. becomes equal to the predetermined permissible skew angle 8¢
or less, the electromagnetic clutch is released (Step ST7).

The above operation is executed during carriage. Thus, in a simple structure, the sheet carrying apparatus can
correct the sheet skew generated during carriage without stopping the carriage of the sheet.

In the embodiment, the load rollers 31a and 31b coupled with the torque limiters 33a and 33b are brought into
pressure contact with a print surface of the sheet 30. However, it is to be noted that the load rollers may be brought into
pressure contact with a sheet back surface, resulting in the same effect. In the structure, since a load force is not directly
transmitted from the load rollers 31a and 31b to the print surface, it is possible to avoid damage to the print surface.
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Further, in the embodiment, the carriage load is applied by the torque limiter 33 to the sheet when the skew is
detected, however, it must be noted that the sheet skew correction should not be limited to such a control method. That
is, when the correction is not required, both the right and left electromagnetic clutches 32 may be coupled to apply
uniform carriage load to the right and left sides. Further, when the skew is detected, any one of the electromagnetic
clutches 32 may be released to be set in a free state, resulting in the same effect. In this case, the electromagnetic clutch
32 on the delayed side having a smaller amount of sheet carriage may be released to correct the skew.

Embodiment 6

In the fifth embodiment, the torque limiter 33 is employed as the braking means, the electromagnetic clutch 32 is
employed as the coupling means, and the carriage load is applied by the torque limiter 33 to the sheet through the
electromagnetic clutch 32. However, in the embodiment, DC motors are used instead of the electromagnetic clutch 32
and the torque limiter 33. Fig. 10 is a wiring diagram showing a structure using the DC motors. In Fig. 10, only a part of
carriage load applying means used for skew correction is shown, and structures of other parts are identical with those
shown in Fig. 5.

The DC motors 40a and 40b are respectively coupled with the load rollers 31a and 31b shown in Fig. 5. The respec-
tive DC motors 40a and 40b are provided with switches 41a and 41b to cause short in power source terminals. When
the switch 41a or 41b is set in an ON state, short is caused in the DC motor 40a or 40b. In the following discussion, the
DC motor 40a or 40b is sometimes referred to as DC motor 40, and the switch 41a or 41b is sometimes referred to as
switch 41.

The switch 41 is connected to an unillustrated CPU 38. The CPU 38 applies predetermined voltage to terminals S1
and S2, thereby connecting the switch 41. When the switch 41 is set in the ON state, rotation of the load roller 31 causes
the DC motor 40 to generate an electromotive force, and generate torque serving as a braking force against rotation of
the DC motor 40. The torque is transmitted to the sheet 30 through the load roller 31 so as to serve as the carriage load.
No current flow is present in an OFF state, and the load roller 31 is set in a rotatable and followable state in which the
load roller 31 applies substantially no carriage load to the sheet 30.

Therefore, the CPU 38 can correct the skew by controlling the switch 41 according to a detected skew angle 6¢. In
this case, the CPU 38 provides a control operation, shown in Steps ST5 and ST6 of a flowchart in Fig. 9, in which the
predetermined voltage is applied to the terminals S1 and S2 instead of outputting a coupling signal to clutch control
means 39.

Further, the magnitude of the carriage load can be controlled by changing a resistance. According to the embodi-
ment, as in the fifth embodiment, it is possible to correct the sheet skew generated during carriage without stopping the
carriage of the sheet. Further, since an expensive member such as electromagnetic clutch, or torque limiter is not
required, it is possible to provide a sheet carrying apparatus which can correct the skew in a more inexpensive structure
than that in the fifth embodiment.

Though the DC motors 40 are directly coupled with the load roller 31 in the above structure, it must be noted that
the DC motors may be coupled through, for example, a step-up gear, or a reduction gear, resulting in the same effect.

As shown in Fig. 11, instead of the switches 41a and 41b, current control means 43a and 43b may respectively be
connected in series to the DC motors 40a and 40b so as to control an amount of current generated by the electromotive
force of the DC motor 40. As the current control means 43, for example, a variable resistive element which can electrically
be controlled may be employed. In order to correct the skew by applying the carriage load to the sheet, the current
control means 43 is set such that a large amount of current can be generated by the electromotive force of the DC motor
40. When the skew is not corrected, the current control means 43 is set so as to generate a small amount of current. In
the structure, it is possible to reduce a converging time for the correction by controlling the amount of current according
to the magnitude of the calculated skew angle 6. That is, as the calculated skew angle 6 becomes greater, the amount
of current may be more increased. As a result, an increase in generating torque increases an amount of correction per
unit time. Even when the correction is not performed, stationary carriage load can be applied by providing current to
some extent.

Alternatively, instead of the DC motor 40, an electromagnetic brake and control means for the electromagnetic brake
may be employed, resulting in the same effect.

Embodiment 7

Fig. 12 is a perspective view showing an essential structure of the seventh embodiment of the sheet carrying appa-
ratus of the present invention. The same reference numerals are used for component parts identical with or equivalent
to those shown in Figs. 49 and 50. In Fig. 12, an ink sheet 6 and an ink sheet carrying portion are omitted. Since the
embodiment is different from the fifth embodiment in only carriage load applying portion, the carriage load applying
portion will be described infra.
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As shown in Fig. 12, in the upstream of a sheet carrying roller 1, there are disposed, laterally symmetrically with
respect to a sheet center line in a sheet carrying direction, load rollers 31a and 31b and following rollers 36a and 36b
respectively having substantially the same diameter so as to extend in a horizontal scanning direction. The respective
load rollers 31a and 31b and the following rollers 36a and 36b are independently and rotatably supported. For example,
rubber rollers, or metallic rollers having fine irregularity of their surfaces are employed as the load rollers 31a and 31b.
Further, the load rollers 31a and 31b are respectively in contact with the following rollers 36a and 36b under predeter-
mined contact pressure through a sheet 30. Braking means for applying a braking force to the load rollers 31a and 31b
include brake drums 140a and 140b, springs 142, arms 143a and 143b, and shafts 144a and 144b. In the following
discussion, the brake drum 140a or 140b is sometimes referred to as brake drum 140, the arm 143a or 143b is sometimes
referred to as arm 143, and the shaft 144a or 144b is sometimes referred to as shaft 144.

The brake drums 140a and 140b are provided in a cylindrical form, and are respectively mounted to ends of the
load rollers 31a and 31b. Further, brake bands 141a and 141b are brought into contact with outer peripheries of the
respective brake drums 140a and 140b. Tensile strength is applied to the brake bands 141a and 141b so that the braking
forces are applied to the load rollers 31a and 31b. Further, the arms 143a and 143b are independently and rotatably
supported by the shafts 144a and 144b. The arms 143a and 143b can be swung in a direction of the arrow B in the
drawing. One ends of the brake bands 141a and 141b are respectively coupled with the arms 143a and 143b through
the springs 142, and the other ends are coupled with rotation centers of the arms 143a and 143b.

Therefore, it is possible to control the tensile strength of the brake bands 141a and 141b by the arms 143a and
143b. In order to correct skew, the braking forces determined by frictional resistance between the brake drums 140a
and 140b, and the brake bands 141a and 141b are applied to the load rollers 31a and 31b. Subsequently, the load rollers
31aand 31b are brought into pressure contact with the sheet 30 so as to apply carriage load to the sheet. The respective
brake drums 140a and 140b may be made of, for example, polyacetal or metal. Further, in order to provide the brake
band 141a or 141b, for example, a plate made of metal or polyacetal may be used as a base material, and mesh such
as felt or leather may be applied onto the base material at a surface in contact with the brake drum 140a or 140b.

The arm 143a and 143b are able to contact cams 145a and 145b. The cams 145a and 145b are secured to a shaft
146, and the shaft 146 is coupled with a shaft of a stepping motor 147. Therefore, the arm 143a and 143b can be swung
by the cams 145a and 145b in the direction of the arrow B by controlling a rotation angle of the stepping motor 147. As
aresult, it is possible to control the tensile strength of the brake bands 141a and 141b. The cams 145a and 145b have
a phase difference, and can apply/release the tensile strength for both the brake bands 141a and 141b, and can apply
any one of the tensile strength. Thus, according to a direction of the skew detected by a position detecting sensor 34,
the brake band 141a or 141b to which the tensile strength is applied is selected, and the stepping motor 147 is driven
by a predetermined rotation angle. Thereby, as in the fifth embodiment, the skew is corrected. In the following discussion,
the cam 145a or 145b is sometimes referred to as cam 145.

Here, it is assumed that the carriage load applied by a load roller 47 to the sheet 30 is smaller than a force by which
the sheet 30 is gripped by the sheet carrying roller 1 in response to pressure contact of a thermal head 9. That is, the
skew can be corrected substantially without stopping feed of the sheet 30. Further, the pressure contact between the
load roller 47 and the sheet 30 is set to a value which causes no slip therebetween. In the right and left load rollers 31a
and 31b, values of braking forces are substantially identical. It is possible to set the magnitude of the braking force by
coefficient of friction between the brake drum 140 and the brake band 141, and by an operation angle between the spring
142 and the arm 143 defining the tensile strength of the brake band 141.

Fig. 13 is a diagram showing a relationship between phases of the cam 145a and 145b, and braking forces applied
to the load rollers 31a and 31b. An area a shown in Fig. 13 shows a state in which no tensile strength is applied to the
two brake bands 141a and 141b. The area a corresponds to a time when the skew correction is not carried out, or to a
feed/eject time of the sheet. An area b1 or b2 shows a state in which the tensile strength is applied to any one of the
brake bands 141a and 141b. The area b1 or b2 corresponds to a skew correcting operation. Further, areas ¢1, ¢2, and
c3 serving as a transition state between the above states show a state in which the tensile strength is gradually applied
to the brake bands 141a and 141b, or is gradually released therefrom. Such an area is provided to eliminate a rapid
variation in the braking force, that is, the carriage load. As a result, it is possible to avoid a harmful effect on a print
surface, such as locally generating wrinkle which is caused due to a rapid variation in a carriage speed.

Fig. 14 is a block diagram showing a control system in the seventh embodiment. With reference to the drawing, a
description will be given of a control operation. The same reference numerals are used for component parts identical
with or equivalent to those in the fifth embodiment, and descriptions thereof are omitted.

A CPU 38 calculates a skew angle 6¢, and determines the rotation angle of the stepping motor 147 depending upon
the sign of the skew angle 6¢. Further, the CPU 38 outputs a drive signal to stepping motor control means 148. The
stepping motor control means 148 drives the stepping motor 147 according to the drive signal from the CPU 38.

According to rotation of the cam 145, a cam curve at a portion in contact with the arm 143 can appropriately be
changed. That is, the tensile strength applied to the brake band 141 can be controlled by controlling the phase of the
cam. Consequently, it is possible to continuously control, in a predetermined range, the magnitude of the carriage load
applied by the load roller 31 to the sheet 30. It is possible to reduce a correction time by controlling the magnitude of
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the carriage load according to the magnitude of the sheet skew angle 6, during carriage. That is, as the calculated skew
angle 6, becomes greater, the tensile strength applied to the brake band 141 may be more increased. As a result, an
increase in the generating braking force increases an amount of correction per unit time. In this case, it is possible to
set a range of the tensile strength applied to the load roller by the coefficient of friction between the brake drum 140 and
the brake band 141, and by the operation angle between the spring 142 and the arm 143 defining the tensile strength
of the brake band 141.

According to the embodiment, as in the fifth and sixth embodiments, in a simple structure, it is possible to correct
the skew of the sheet 30, generated during carriage, without stopping the carriage of the sheet 30.

Though the tensile strength is applied to one of the brake bands 141a and 141b at a time of correction, it must be
noted that the correcting operation should not be limited to the above method. For example, when the correction is not
required, the tensile strength may be applied to both the brake bands 141a and 141b so as to apply the carriage load
from the load rollers 31a and 31b to the sheet. Further, when the correction is required, any one of the tensile strength
applied to the brake bands 141a and 141b may be released according to the detected skew angle, resulting in the same
effect. It is to be noted that the minimum value of the tensile strength applied to the brake band 141 should not be limited
to zero. That is, setting may also be made such that some braking forces are applied to both the load rollers 31a and
31b at a time of non-correction. In this case, a deviation of carriage load at the time of correction from carriage load at
the time of non-correction may be set so as to provide a sufficient correction gain for the skew angle correction. Further,
in this case, since the tensile strength is continuously applied to the sheet 30 at a portion interposed between the carrying
roller 1 and the load roller 31, a tightly contacting force between the sheet 30 and the carrying roller 1 is increased.
Hence, it is possible to reduce a carriage error which is caused when the correction is not carried out.

Though the band brake wound at the brake drum is employed as the braking means in the seventh embodiment, it
must be noted that the braking means should not be limited to this as long as the braking force can appropriately be
changed. For example, a brake shoe may be employed instead of the brake band 141. In this case, the brake shoe is
brought into pressure contact with/disengaged from the brake drum, thereby controlling the braking force of the load
roller. That is, when the brake shoe is brought into pressure contact with the brake drum with predetermined contact
pressure, the frictional resistance is generated between the brake shoe and the brake drum. It is thereby possible to
apply the braking force to the load roller. In order to provide the brake shoe, for example, a metallic block or polyacetal
block may be used as a base material, and a felt or leather may be applied onto the base material at a sliding surface
in contact with the brake drum.

Embodiment 8

Fig. 15 is a perspective diagram showing an essential structure in the eighth embodiment of the sheet carrying
apparatus of the present invention. In Fig. 15, the same reference numerals are used for component parts identical with
or equivalent to those shown in Figs. 49 and 50. In Fig. 15, an ink sheet 6 and an ink sheet carrying portion are omitted.
Since the embodiment is different from the fifth embodiment in only carriage load applying means, only the carriage
load applying means will be described infra.

In the embodiment, the carriage load applying means includes, for example, a load member contacting a sheet 30
s0 as to apply carriage load, pressure contact members disposed at positions opposed to the load member through the
sheet 30, a pressure contact mechanism to bring the pressure contact members into pressure contact with/disengage
the pressure contact members from the sheet 30. The pressure contact members include, for example, pressure contact
rollers 46a and 46b, and the load member includes, for example, a load roller 47 and a torque limiter 48. The pressure
contact rollers 46a and 46b can be brought into pressure contact with/disengaged from the sheet 30, and bring the sheet
30 into pressure contact with the load roller 47 so as to apply the carriage load to the sheet 30. The pressure contact
rollers 46a and 46b respectively include following rollers rotatably supported by arms 49a and 49b, and are disposed
on the right and left sides with respect to a sheet center line in a sheet carrying direction so as to extend in a direction
perpendicular to the sheet carrying direction. The respective pressure contact rollers 46a and 46b have substantially
the same diameter, and include, for example, rubber rollers or metallic rollers having fine irregularity of their surfaces.
In the following discussion, the pressure contact roller 46a or 46b is sometimes referred to as pressure contact roller 46.

The arms 49a and 49b are rotatably supported by a supporting shaft 54 so that the arms 49a and 49b are rotated
about the supporting shaft 54, and the pressure contact rollers 46a and 46b can be brought into pressure contact/dis-
engaged in directions of the arrow C. At a position opposed to the pressure contact rollers 46 through the sheet 30, the
load roller 47 including the rubber roller is rotatably supported by an unillustrated side plate. The torque limiter 48 is
coupled with the one side of the load roller 47. The fixing side of the torque limiter 48 is fixed on an unillustrated side
plate. The torque limiter 48 forms braking means for applying a braking force to the load roller 47. When the skew is
corrected, torque determined by the torque limiter 48 is transmitted to the load roller 47, and the carriage load is applied
to the sheet 30 at a portion in the upstream of the sheet carrying roller 1.

Here, a pressure contact mechanism 56 includes the arms 49a and 49b, springs 50, a DC motor 51, and cams 52a
and 52b. Pressure contacting forces of the pressure contact rollers 46a and 46b are generated by the springs 50 whose
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one ends are secured to a top board (not shown). Further, rotation of the arms 49a and 49b is controlled by rotation of
the DC motor 51 coupled with the cams 52a and 52b. The cams 52a and 52b have a phase difference. Therefore, rotation
of the DC motor 51 can bring both the rollers into pressure contact/disengage both the rollers, and can bring any one
of the rollers into pressure contact. Further, in the vicinity of the cams 52a and 52b, cam detecting sensors 53a and 53b
are mounted to detect positions of the pressure contact rollers 46a and 46b.

Here, it is assumed that the carriage load determined by the torque limiter 48 is smaller than a force by which the
sheet 30 is gripped by the sheet carrying roller 1 in response to pressure contact of a thermal head 9. That is, the skew
can be corrected substantially without stopping feed of the sheet 30. Further, the pressure contact between the pressure
contact rollers 46a and 46b is set to a value causing no slip between the load roller 47 and the sheet 30.

Fig. 16 is a diagram showing relationships between phases of the cams 52a and 52b, and operations of the pressure
contact rollers 46a and 46b. An area a shown in Fig. 16 corresponds to a state in which both the two pressure contact
rollers 46a and 46b are disengaged from the sheet 30, that is, to a time when the skew correction is not carried out, or
a feed/eject time of the sheet. Areas b1 and b2 correspond to a state in which any one of the pressure contact rollers
46a and 46b is brought into pressure contact with the sheet 30, that is, to a time of skew correction. Further, areas c1,
¢2, and ¢3 provided between the respective operations show a state in which the pressure contact rollers 46 are gradually
brought into pressure contact with or disengaged from the sheet 30. By providing such an area, it is possible to eliminate
a rapid variation in the carriage load, and avoid a harmful effect on print, such as locally generating wrinkle which is
caused due to the rapid variation in a carriage speed.

Fig. 17 is a block diagram showing a control system in the eighth embodiment. With reference to the drawing, a
description will be given of a control operation. The same reference numerals are used for blocks identical with or equiv-
alent to those in the fifth embodiment shown in Fig. 17, and descriptions thereof are appropriately omitted.

A CPU 38 calculates the skew angle 8¢, and determines a rotation direction of the DC motor 51 coupled with the
cams 52a and 52b depending upon the sign of the skew angle 6¢. Further, the CPU 38 outputs a drive signal to DC
motor control means 55.

The DC motor control means 55 drives the DC motor 51 according to the drive signal from the CPU 38. Further,
depending upon signals from the cam detecting sensors 53a and 53b, it is confirmed whether the pressure contact
rollers 46 are brought into pressure contact or are disengaged.

Fig. 18 is a flowchart showing a correcting operation of the CPU 38 in the eighth embodiment. With reference to
the drawing, a description will be given of correction of skew.

The CPU 38 calculates a skew angle 6¢ (Steps ST1 and ST2) so as to decide whether or not the correction is
required (Step ST3). When the skew angle 6¢ is smaller than a predetermined permissible skew angle 8, there is
established a state in which both the pressure contact rollers 46a and 46b are disengaged from the sheet 30. In the
state, no carriage load is applied from the load roller 47 to the sheet 30.

On the other hand, when it is decided in Step ST3 that the skew angle 6 exceeds the predetermined permissible
skew angle 6, the CPU 38 selects the pressure contact rollers 46a and 46b such that the sheet is rotated in a direction
opposed to a rotation direction of the carried sheet 30, which is obtained from the sign of the skew angle data 6. Thus,
the selected pressure contact roller 46 determines the rotation direction of the DC motor 51 such that the pressure
contact roller 46 can be brought into pressure contact with the sheet 30 (Step ST8). Further, in Step ST9, the CPU 38
outputs a coupling signal to the DC motor control means 55 so as to drive the DC motor 51. Therefore, since the carriage
load from the load roller 47 is applied to the sheet only on the side in contact with the pressure contact roller 46, the
skew of the sheet 30 can be corrected. When the skew angle 6 becomes smaller than the permissible skew angle 6g
because of the correction, the pressure contact roller 46 is disengaged (Step ST10). The above operation is executed
during a carriage time so as to correct the skew generated during carriage.

According to the embodiment, in the respective embodiments, in a simple structure, it is possible to correct the sheet
skew generated during carriage without stopping the carriage of the sheet.

Embodiment 9

In the eighth embodiment, though the carriage load is applied to the sheet 30 by the load roller 47 serving as the
load member coupled with the torque limiter 48, a friction plate may also be employed. That is, the friction plate can be
used instead of the load roller 47 coupled with the torque limiter 48 in the eighth embodiment, resulting in the same
effect as that in the eighth embodiment.

As the friction plate, it is possible to use, for example, a metallic plate in which a felt is applied onto its surface. In
this case, the friction plate is disposed such that the surface having the felt serves as a surface in pressure contact with
a sheet 30.

Alternatively, a guide plate made of metal or the like, or a rotatable following roller may be mounted instead of the
load roller 47. Further, a friction plate may be mounted instead of the pressure contact roller 46 such that, according to
the skew angle 6, the friction plate can be brought into pressure contact with/disengaged from the following roller
through the sheet. In such a structure, it is possible to control a pressure contacting force of the friction plate depending
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upon phase control of the cams 52, thereby controlling the magnitude of the carriage load. Consequently, a correction
time can be reduced.

Embodiment 10

Fig. 19 is a perspective diagram showing an essential structure in the tenth embodiment of the sheet carrying
apparatus of the present invention. The drawing shows a sheet 30 which is partially cut away. In Fig. 19, the same
reference numerals are used for component parts identical with or equivalent to those shown in Figs. 49 and 50. In Fig.
19, an ink sheet 6 and an ink sheet carrying portion are omitted.

In the sheet carrying apparatus in the embodiment, electrode plates are used instead of the load rollers to apply
the carriage load to the sheet 30 in the upstream of the sheet carrying roller 1 in the fifth embodiment.

The electrode plates 60a and 60b forming carriage load applying means are disposed, in the upstream of the sheet
carrying roller 1, on the right and left sides with respect to a sheet center line in a sheet carrying direction so as to extend
in a horizontal scanning direction. In order to provide the electrode plates 60a and 60b, an electrode made of conductor
such as copper and having a comb-shaped structure is formed on an insulated substrate made of ceramics or the like,
and an insulating protective film is coated on the electrode. In the following discussion, the electrode plate 60a or 60b
is sometimes referred to as electrode plate 60.

Voltage is applied to the electrode plate 60a or 60b, resulting in generation of the carriage load. This is because
attraction is generated between the electrode plate 60a or 60b and the sheet 30 opposed thereto by dielectric polarization
at a time of application of the voltage, and a frictional force is generated because of the attraction between the electrode
plate 60a or 60b and the sheet 30 so as to serve as the carriage load. Thus, as in the fifth embodiment, according to a
direction of skew detected by a position detecting sensor 34, the electrode plate 60 to which the voltage should be
applied is selected, and predetermined voltage is applied to correct the skew.

In this case, the magnitude of the carriage load applied to the sheet is determined depending upon the magnitude
of the applied voltage.

Fig. 20 is a block diagram showing a control systemin the embodiment. In the drawing, the same reference numerals
are used for component parts identical with or equivalent to those shown in Fig. 6. A high voltage power source 61 is
connected to the electrode plates 60a and 60b through switches 62a and 62b so as to apply positive or negative voltage
to the electrodes 60a and 60b. The switches 62a and 62b are controlled by a CPU 38. The CPU 38 connects any one
of the two switches 62a and 62b to the high voltage power source 61 according to the direction of the calculated skew.

In the structure, it is possible to provide smaller carriage load applying means, and correct the skew during sheet
carriage in the simple structure.

Though the electrode plate has the comb-shaped structure in the embodiment, it must be noted that an electrode
plate form should not be limited to this. For example, a flat plate electrode or a lattice electrode may be used, resulting
in the same effect. Further, it is to be noted that the electrode should not be limited to the plate-type electrode.

Further, though constant voltage is applied to the electrode plate in the embodiment, it must be noted that voltage
may be irregular. The applied voltage may be controlled according to the magnitude of a calculated skew angle so as
to vary the carriage load. It is thereby possible to reduce a correction time.

Embodiment 11

Fig. 21 is a perspective diagram showing an essential structure in the eleventh embodiment of the sheet carrying
apparatus of the present invention. The drawing shows a sheet 30 which is partially cut away. In Fig. 21, the same
reference numerals are used for component parts identical with or equivalent to those shown in Figs. 49 and 50. In Fig.
21, anink sheet 6 and an ink sheet carrying portion are omitted.

Though carriage load applying means includes the electrode plate in the tenth embodiment, in the embodiment,
the carriage load applying means includes inductors 63a and 63b. A description will now be given of only a point in which
the embodiment is different from the tenth embodiment. In the following discussion, the inductor 63a or 63b is sometimes
referred to as inductor 63.

The inductors 63a and 63b forming the carriage load applying means are disposed, in the upstream of a sheet
carrying roller 1, on the right and left sides with respect to a sheet center line in a sheet carrying direction so as to extend
in a horizontal scanning direction. The inductors 63a and 63b are connected to an unillustrated power source. In the
structure, the power source can independently apply voltage to the right and left inductors. Friction members 64a and
64b are made of, for example, magnetic material, and are disposed at positions opposed to the inductors 63a and 63b
through the sheet 30. The friction members 64a and 64b are made of magnetic material such as iron, and a material
having high coefficient of friction such as felt, or rubber is applied to surfaces of the friction members in contact with the
sheet 30. Further, the friction members 64a and 64b are supported by springs (supporting mechanism) 50 such that
the friction members 64a and 64b can be brought into contact with/disengaged from the sheet 30. Here, there are
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employed, for example, the springs 50 which can support own weight in an upward direction. In the following discussion,
the friction member 64a or 64b is sometimes referred to as friction member 64.

Current flows in the inductor 63 to generate a magnetic field. The friction member 64 is attracted by the generated
magnetic field toward the inductor 63. Then, the sheet 30 is held between the inductor 63 and the friction member 64.
At the time, frictional resistance is caused between the sheet 30 and the friction member 64, and the frictional resistance
serves as the carriage load.

The friction member 64 includes the magnetic material to which a felt or the like is applied. However, it must be
noted that present invention should not be limited to such a structure, and for example, magnetic material whose surface
is roughly machined may be used as the friction member 64. That is, the friction member 64 can include any material
as long as the material may be attracted by the magnetic field, and can contact the sheet 30 so as to generate a frictional
force serving as the carriage load.

In the embodiment, as in the tenth embodiment, according to a direction of skew detected by a position detecting
sensor 34, the inductor 63a or 63b to which the voltage should be applied is selected. By application of predetermined
voltage to the inductor 63, it is possible to correct the skew without stopping the carriage of the sheet. Further, the applied
voltage may be controlled according to the magnitude of a skew angle so as to vary the carriage load. It is thereby
possible to reduce a correction time.

According to the embodiment, it is possible to provide smaller carriage load applying means, and provide an appa-
ratus having a simple mechanism.

Embodiment 12

Fig. 22 is a perspective diagram showing an essential structure in the twelfth embodiment of the sheet carrying
apparatus of the present invention. In Fig. 22, the same reference numerals are used for component parts identical with
or equivalent to those shown in Figs. 49 and 50.

In the sheet carrying apparatus in the embodiment, a carrying force is applied to a sheet 30 at a portion in the
downstream of the sheet carrying roller 1. A description will now be given of a structure of carrying force applying means.

A clamper 10 serves as a clamp mechanism to clamp a distal end of the carried sheet 30, and is disposed on the
right and left sides with respect to a sheet center line in a sheet carrying direction. Clamp drive mechanisms are provided
to independently carry the clamper 10 by a predetermined driving force. Specifically, timing belts 3a and 3b are coupled
with drive motors 66a and 66b whose rotation speed can be changed through torque limiters 65a and 65b. Further, a
shaft support 69 rotatably supports a first shaft 67a or 67b, and a second shaft 68a or 68b. In addition, second pulleys
4a and 4b are rotatably mounted to a shaft of the sheet carrying roller 1. Thus, it is possible to independently rotate the
right and left timing belts 3a and 3b to which a bridge 10a of the clamper 10 is secured. Here, it is assumed that torque
values of the two torque limiters 65a and 65b are substantially identical.

In order to correct skew, a difference is provided in speed between the right and left timing belts 3a and 3b so as to
control tensile strength applied from the clamper 10 in the carrying direction of the sheet 30.

Fig. 23 is a block diagram showing a control system in the embodiment. In Fig. 23, the same reference numerals
are used for component parts identical with or equivalent to those shown in Fig. 6. The CPU 38 calculates a skew angle
0 depending upon read position data of a sheet edge. Further, the CPU 38 compares the calculated skew angle 6¢
with a predetermined permissible skew angle 6g so as to decided whether or not the correction is required. If it is decided
that the correction is required, the CPU 38 determines, depending upon the sign of the calculated skew angle 6¢, a drive
motor 66 to be decelerated, and outputs a decelerating signal to motor control means 70. Further, the CPU 38 outputs
a deceleration completion signal to the motor control means 70 when the skew angle 6 becomes equal to the prede-
termined permissible skew angle 6 or less after the deceleration signal is outputted.

The motor control means 70 is programmed such that the drive motor 66 can be driven at, for example, two rotation
speeds N1 and N2 (N1 > N2), and can decelerate the rotation speed from N1 to N2 when the deceleration signal is
inputted from the CPU 38. Further, the motor control means 70 accelerates the rotation speed from N2 to N1 when the
deceleration completion signal is inputted. A correcting operation will now be described by comparison between a case
where the correction is made and a case where no correction is made.

First, a description will now be given of the case where the skew is not corrected. In order to set a longitudinal
direction of the bridge 10a to be continuously perpendicular to the carrying direction, the two timing belts 3a and 3b are
circulated at a constant speed in a state in which secured portions of the bridge 10a are mutually in phase. At the time,
the two drive motors 66a and 66b drive the timing belts 3a and 3b at the predetermined number of revolutions N1. When
a circulating speed of the clamper 10 is defined as V5, and a speed of the sheet 30 carried by the sheet carrying roller
1 is defined as V4, the number of revolutions N1 is set such that the speed V, exceeds the speed V4 at a time of non-print.

However, since the sheet 30 is clamped and carried between a thermal head 9 and the sheet carrying roller 1 during
print, the clamper 10 to clamp the sheet 30 is circulated at the speed V. A speed difference between V4 and V; is
absorbed by sliding the torque limiters 65a and 65b. Further, predetermined torque determined by the torque limiters
65a and 65b is transmitted to the clamper 10 through the second pulleys 4a and 4b and the timing belts 3a and 3b.
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Therefore, predetermined tensile strength determined by the torque limiters 65a and 65b is substantially uniformly
applied from the clamper 10 to sheet 30 in a sheet width direction so that no skew is caused due to the tensile strength
applied from the clamper 10.

Next, a description will now be given of the case where the skew is corrected. The CPU 38 selects, depending upon
a direction of the detected skew, the timing belt 3 on the side on which the sheet 30 is moved more ahead. The CPU
38 decelerates the rotational speed N1 of the drive motor 66 to the predetermined second rotational speed N2 through
the motor control means 70a or 70b such that a speed of the selected timing belt 3 becomes slightly lower than the
sheet carrying speed V. At the time, slack is generated in the sheet 30 at a portion between the sheet carrying roller 1
and the clamper 10. Thus, no tensile strength is applied to the sheet 30 from the torque limiter 65 on the decelerating
side, and tensile strength is applied to the sheet 30 only from the torque limiter 65 on the side on which the timing belt
3 is not decelerated. Hence, there is generated a deviation of the tensile strength applied from the clamper 10 in the
sheet width direction, and the deviation becomes larger in a direction closer to the side on which the timing belt 3 is not
decelerated. When the tensile strength to tense the sheet 30 is decreased, the carriage speed is decreased as in a case
where the carriage load is applied. Therefore, according to the deviation of the tensile strength, the carriage speed is
accelerated on the side on which the sheet 30 is moved more ahead. As a result, the correction is made such that the
sheet is skewed in a reverse direction. The CPU 38 accelerates the rotational speed of the drive motor on the accelerating
side from N2 to N1 when the skew angle 6 becomes equal to the predetermined permissible skew angle 6 or less.
The above operation is executed during a predetermined carriage time so as to correct the skew generated during
carriage.

In the embodiment, at a time of the skew correction, the circulating speed of the timing belt on the side having a
larger amount of sheet carriage is set to be lower than the carrying speed of the sheet. However, it must be noted that
the correction should not be limited to this method. In contrast with this, it is also possible to correct the skew by setting
the circulating speed of the timing belt on the side having a smaller amount of sheet carriage to be higher than the
carrying speed of the sheet. In this case, when the correction is not made, circulating speeds of both the timing belts
are set to be lower than the carrying speed of the sheet.

Further, it is to be noted that the present invention should not be limited to the clamp mechanism to clamp the distal
end of the sheet, and may be applied to, for example, another mechanism which can circulate while attracting the distal
end of the sheet by static electricity.

Embodiment 13

Fig. 24 is a perspective diagram showing an essential structure in the thirteenth embodiment of the sheet carrying
apparatus of the present invention. Though the circulating speeds of the right and left timing belts 3a and 3b are inde-
pendently controlled in the twelfth embodiment, in the embodiment, right and left driving forces to drive the timing belts
3a and 3b are independently controlled. A description will now be given of only a point in which the embodiment is
different from the twelfth embodiment.

As shown in Fig. 24, a drive motor 12 to drive the timing belt 3 is coupled with a first shaft 72. The first shaft 72
supports second pulleys 4a and 4b through electromagnetic clutches 71a and 71b. The respective electromagnetic
clutches 71a and 71b can provide control in which torque transmitted from the drive motor 12 through the second pulley
4 to the timing belt 3 can be switched over from T1 to T2 (T1 > T2). Further, a speed of the timing belt 3 is determined
by the number of revolutions of the drive motor 12, and is set such that the speed is continuously greater than a sheet
carrying speed determined by the number of revolutions of a drive motor 11. In addition, a shaft support 69 rotatably
supports second shafts 68a and 68b coupled with third pulleys 5, and the second pulleys 4a and 4b are rotatably mounted
to a shaft of a sheet carrying roller 1.

In the embodiment, the right and left transmitting torque of the electromagnetic cluiches 71a and 71b are independ-
ently controlled, thereby independently controlling the right and left torque transmitted from the drive motor 12 through
the timing belts 3a and 3b to a clamper 10. Therefore, right and left tensile strength applied by the clamper 10 to a sheet
30 can independently be controlled so that skew can be corrected during sheet carriage.

A description will now be given of a more detailed operation. When no correction is made during print or carriage,
the transmitting torque of the electromagnetic clutches 71a and 71b are set to the same predetermined value T1. Thus,
equivalent predetermined torque T1 is transmitted from the right and left timing belts 3a and 3b to the clamper 10. As
a result, the sheet 30 is carried while predetermined tensile strength determined by the torque T1 is substantially uni-
formly applied to the sheet in a horizontal scanning direction.

In order to correct the skew generated during print or carriage, the transmitting torque of the electromagnetic clutch
71, coupled with the second pulley 4 supporting the timing belt 3 on the side on which the sheet 30 is moved more
ahead, is set to T2 according to a calculated skew angle 6¢. As a result, reduction is caused in torque transmitted to the
clamper 10 from the timing belt 3 on the side on which the sheet 30 is moved more ahead. Hence, there is generated
a deviation of the tensile strength applied from the clamper 10 to the sheet 30, and the deviation is more decreased in
a direction closer to the side on which the sheet 30 is moved more ahead. Therefore, a carrying speed is decreased on
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the side on which the sheet 30 is moved more ahead, and the sheet 30 is skewed in a direction opposed to a direction
of the calculated skew, resulting in correction of the skew. When the calculated skew angle 6 becomes within a prede-
termined permissible skew angle 6y, the transmitting torque of the electromagnetic clutch 71 is switched over from T2
to T1. The above operation is repeated until the carriage is completed so as to correct the skew of the sheet.

Inthe embodiment, it is possible to correct the sheet skew during carriage without stopping the carriage of the sheet,
and apply a carrying force from the clamper to the sheet. Thus, no additional member is required in the course of the
carriage, and a structure can be formed by using a conventional structure.

Though the transmitting torque of the electromagnetic clutch 71 is decreased at a time of correction in the embod-
iment, it must be noted that the correction should not be limited to this method. The transmitting torque may be increased
at the time of correction, resulting in the same effect. For this purpose, at the time of correction, it is sufficient to increase
a transmitting torque value of the electromagnetic clutch 71 which is coupled with the second pulley 4 supporting the
timing belt 3 on the side on which the sheet 30 is delayed.

Embodiment 14

Fig. 25 is a perspective diagram showing an essential structure in the fourteenth embodiment of the sheet carrying
apparatus of the present invention, and Fig. 26 is a side view thereof. In the embodiment, a variation is generated in a
distribution of a carrying force in a width direction of an ink sheet 6, thereby correcting skew of a sheet 30. With reference
to Figs. 25 and 26, a description will now be given of component parts in the embodiment. In Figs. 25 and 26, the same
reference numerals are used for component parts identical with or equivalent to those shown in Figs. 49 and 50.

During print, the ink sheet 6 is sent out from a supply roll 15 which is rotatably supported, and passes through a
back tension roller 81, an ink sheet roller 75, a thermal head 9, and an ink sheet carrying roller 78 so as to be wound
at a winding roll 16 (in a direction of the arrow D in Fig. 25). The back tension roller 81 is coupled with a torque limiter
82. The ink sheet 6 is held between the back tension roller 81 and a pinch roller 83. Therefore, torque determined by a
predetermined torque value of the torque limiter 82 is transmitted to the ink sheet 6 during print through the back tension
roller 81. That is, back side tensile strength Fib is applied to the ink sheet 6. The ink sheet carrying roller 78 is coupled
with a drive motor 79 through a torque limiter 80. The ink sheet 6 is carried while the ink sheet 6 being held between
the ink sheet carrying roller 78 rotated by the drive motor 79 and a pinch roller 84. Torque determined by a torque value
of the torque limiter 80 is transmitted to the ink sheet 6 through the carrying roller 78. Thus, front side tensile strength
Fif is applied to the ink sheet 6.

A description will now be given of a structure of carrying force applying means in the embodiment. The ink sheet
roller 75 is rotatably supported by linear actuators 76a and 76b through a bearing 77. The linear actuators 76a and 76b
are vertically movable mechanisms to urge the ink sheet roller 75 toward the ink sheet 6 according to a control signal.
For example, solenoids are used as the linear actuators 76a and 76b, and are driven in directions of the arrow E in Fig.
25. In the following discussion, the linear actuator 76a or 76b is sometimes referred to as linear actuator 76.

At a time of non-correction, the ink sheet roller 75 is supported to extend substantially parallel to the ink sheet
carrying roller 78. When the skew of the sheet 30 is corrected, any one of the right and left linear actuators 76 is driven
to urge one side of the ink sheet roller 75 toward the ink sheet 6. At the time, since a bent portion is formed in the ink
sheet 6 at a portion urged toward the ink sheet roller 75, an ink sheet path length (hereinafter referred to as ink sheet
path length) from the back tension roller 81 to the ink sheet carrying roller 78 is increased. As stated above, the ink sheet
roller 75 has the function of controlling the upstream ink sheet path length.

Fig. 27 is a block diagram showing a control system in the embodiment. With reference to the drawing, a description
will now be given of the control system. In Fig. 27, the same reference numerals are used for blocks to provide operations
identical with or equivalent to those in blocks shown in Fig. 6.

A CPU 38 compares a calculated skew angle 65 with a predetermined permissible skew angle 6y so as to decide
whether or notthe correction is required. Ifitis decided that the correction is required, the CPU 38 determines, depending
upon the sign of the calculated skew angle 8¢, the linear actuator 76 to be drive. Further, the CPU outputs a drive signal
to actuator control means 85 corresponding to the selected linear actuator 76. After the drive signal is outputted, the
CPU 38 outputs a drive completion signal to the actuator control means 85 when the skew angle 8¢ becomes equal to
the predetermined permissible skew angle 6 or less.

A description will now be given of a principle of the skew correction using the ink sheet 6 with reference to Fig. 28.
Fig. 28 is an explanatory view showing an enlarged section in the vicinity of a print portion during print. In Fig. 28, the
arrow A denotes a sheet carrying direction.

A description will now be given of a carrying force applied to the ink sheet 6 and a force transmitted from the ink
sheet 6 to the sheet 30. However, for the sake of simplicity, a force transmitted from a sheet carrying roller 1 is neglected.
During the print, the front side tensile strength Fif from the carrying roller 78, and the back side tensile strength Fib from
the back tension roller 81 are applied to the ink sheet 6. Further, a carriage load Fh depending upon frictional resistance
between the ink sheet 6 and the stationary thermal head 9 is applied to the ink sheet 6. Here, the ink sheet 6 and the
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sheet 30 are held between the sheet carrying roller 1 and the thermal head 9 so that a force represented by the following
expression (2) is transmitted from the ink sheet 6 and the sheet 30:

Fip = Fif - (Fib + Fh) (2

Adescription will now be given of a principle of the correction using the force Fip applied to the sheet 30 according
to the expression (2). As seen from the expression (2), the magnitude and a direction of Fip can be controlled by the
front side tensile strength Fif and the back side tensile strength Fib of the ink sheet 6. A carrying speed of the sheet 30
depends upon the carrying force applied to the sheet 30 so that the carrying speed of the sheet 30 can be controlled
by controlling the strength Fif and Fib. Therefore, if a deviation is provided for the front and back tensile strength of the
ink sheet 6, according to the deviation, a deviation of the carrying speed is caused in a width direction of the sheet 30.
As aresult, the sheet 30 can be skewed. Thus, it is possible to correct the skew of the sheet 30 by controlling the strength
Fif and Fib according to the detected skew.

A description will now be given of setting for the tensile strength of the ink sheet 6 in the embodiment using the
principle of correction according to the expression (2). In the embodiment, the front side tensile strength Fif and the back
side tensile strength Fib determined by the torque values of the torque limiter 80 and the torque limiter 82 shown in Fig.
26 are set so as to meet the expression (3):

(Fif - Fib) > Fh @3)

When the expression (3) is met, the force Fip applied from the ink sheet 6 to the sheet 30 becomes continuously
a positive value. That is, the force Fip is applied in a direction to increase an amount of carriage of the sheet 30. As a
deviation of Fif from Fib is more increased in a width direction of the ink sheet 6, the amount of sheet carriage is more
increased. For example, when the deviation of Fif from Fib is more increased on the right side with respect to a travelling
direction of the sheet 30, the amount of carriage of the sheet 30 is more increased on the right side than on the left side.
Consequently, the sheet 30 is skewed to the left with respect to the carrying direction.

A description will now be given of the skew correction in the embodiment depending upon the above principle. When
no skew is detected during print, the linear actuators 76a and 76b are not driven. Therefore, a longitudinal direction of
the ink sheet roller 75 is positioned to extend substantially parallel to a longitudinal direction of the sheet carrying roller
1. At the time, predetermined tensile strength is applied to the ink sheet 6 uniformly in the width direction. Thus, the
force Fip causes no skew.

On the other hand, when the skew of the sheet 30 is detected, the CPU 38 drives the linear actuator 76 on the side
on which carriage of the sheet 30 is delayed due to the skew, and urges the ink sheet roller 75 toward the ink sheet 6
such that the sheet 30 is skewed in a direction opposed to a direction of the calculated skew. With this operation, the
ink sheet path length is more extended in a direction closer to the side on which the linear actuator 76 is driven. The ink
sheet is additionally supplied from the supply roll 15 by an amount corresponding to an increase in the path length.
However, since a shaft position of the supply roll 15 is fixed, the ink sheet 6 can be supplied uniformly in the width
direction by the increase. Therefore, on the side on which the linear actuator 76 is not driven, the supplied ink sheet
length becomes longer than the ink sheet path length. As a result, slack is provided in the sheet 6 on the side which is
not driven, and the tensile strength of the ink sheet 6 is deviated.

As set forth above, the amount of carriage of the sheet 30 is more increased in a direction closer to the side on
which the linear actuator 76 is driven. That is, the sheet 30 is skewed in the direction opposed to the direction of the
calculated skew, resulting in the correction of the skew.

The linear actuator 76 returns to a predetermined position when the calculated skew angle 6 becomes equal to or
less than the predetermined permissible skew angle 6g. The above operation is executed during a predetermined carriage
time so as to correct the skew generated in the sheet 30 during carriage.

According to the embodiment, by using the ink sheet 6, it is possible to correct the skew during carriage in a simple
mechanism without any mechanism added to a sheet carrying path.

In the structure shown in Fig. 25, the ink sheet roller 75 is interposed between the back tension roller 81 and the
thermal head 9. However, it must be noted that the ink sheet roller 75 may be interposed between the thermal head 9
and the ink sheet carrying roller 78 so as to provide the same operation as the above operation, resulting in the same
effect.

In the embodiment, though the front side tensile strength Fif and the back side tensile strength Fib of the ink sheet
6 are set to meet the expression (3), it is to be noted that the present invention should not be limited to this. For example,
in the structure of the sheet carrying apparatus shown in Fig. 25, the front side tensile strength Fif and the back side
tensile strength Fib may be set to meet the expression (4):

(Fif - Fib) < Fh ()
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In this case, the force Fip applied from the ink sheet 6 to the sheet 30 becomes continuously a negative value.
That is, the force Fip serves as load applied in a direction to decrease the amount of carriage of the sheet 30. Thus, in
the width direction of the ink sheet 6, the amount of sheet carriage is more decreased on the side on which the deviation
of Fif from Fib is more increased. Consequently, the linear actuator 76 on the side having a larger amount of carriage
is driven according to the detected skew angle 6, and the skew of the sheet 30 can thereby be corrected.

Embodiment 15

Fig. 29 is a block diagram showing a control system in the fifteenth embodiment of the sheet carrying apparatus of
the present invention. In the embodiment, skew is detected for a predetermined time interval Td, and correction is suc-
cessively made such that a skew angle at a time of skew detection is corrected before the next skew is detected. A
description will now be given of a control method.

First, a description will be given of the control system with reference to Fig. 29. In a structure shown in Fig. 29, a
reference clock 90, a free running counter 91, and a correction table 92 are added to the structure shown in Fig. 6. An
essential structure of a sheet carrying apparatus in the embodiment is equivalent to that shown in Fig. 5. A sheet edge
position detected by a position detecting sensor 34 is read from a latch 37 into a CPU 38 in synchronization with a signal
outputted from the CPU 38 on a predetermined cycle Td. The CPU 38 determines reading timing depending upon a
count value of the free running counter 91 to count the reference clock 90.

The CPU 38 calculates a skew angle 8¢ depending upon read position data of the sheet edge. Further, the CPU
38 selects an electromagnetic clutch 32 to be coupled with a torque limiter 33 depending upon the sign of the calculated
skew angle 6, that is, depending upon a direction of skew. Concurrently, the CPU 38 reads a coupling time tn of the
electromagnetic clutch 32 from the correction table 92. The correction table 92 previously contains a correspondence
between a time for which predetermined carriage load is applied (i.e., the coupling time tn) and the skew angle 6c. The
CPU 38 outputs a coupling signal to electromagnetic clutch control means 39 corresponding to the electromagnetic
clutch 32 to be coupled with the torque limiter 33. The electromagnetic clutch control means 39 sets the electromagnetic
clutch 32 in a coupling state according to the inputted coupling signal. After the elapse of the coupling time tn, the CPU
38 outputs a releasing signal to the electromagnetic clutch control means 39 corresponding to the electromagnetic clutch
32 set in the coupling state so as to set the electromagnetic clutch 32 in a releasing state.

A description will now be given of a control algorithm in the embodiment with reference to a flowchart of Fig. 30.
Here, N in 8y means the number of times of detection.

Print is started in Step ST11. In Step ST12, the CPU 38 clears the number of times of detection N (N is an integer)
of the skew by the position detecting sensor 34, and causes the reference clock 90 to start to count the free running
counter 91. When the count value Tc of the free running counter 91 becomes equal to a predetermined detection cycle
Td'N (N is a positive integer) (Step ST13), the CPU 38 reads out an output value from the position detecting sensor 34
through the latch 37 (Step ST14). In Step ST15, the CPU 38 calculates a skew angle 8¢ depending upon the output
value from the position detecting sensor 34. In Step ST16, the CPU 38 decides whether or not the calculated skew angle
6cn has a value of zero.

Subsequently, in Step ST17, the CPU 38 reads the coupling time tn corresponding to the skew angle 8¢y from the
correction table 92. In Step ST18, the CPU 38 determines the electromagnetic clutch 32 to be set in the coupling state
depending upon the sign of the calculated skew angle 6¢y. Further, the CPU 38 outputs the coupling signal to the
electromagnetic clutch control means 39 corresponding to the determined electromagnetic clutch 32. In Steps ST19
and ST21, the electromagnetic clutch control means 39 receives the coupling signal so as to couple the electromagnetic
clutch 32. Subsequently, the CPU 38 outputs a releasing signal to release the electromagnetic clutch 32 when the count
value of the free running counter 91 is incremented by tn from the count value N'Td at the time of skew detection (Steps
ST20 and ST22).

In Step ST23, the CPU 38 increments the number of times of detection N. Further, the process from Steps ST13
to ST24 is repeated until the count value Tc becomes an end value T,.q of the detection. When the count value Tc
becomes the end value T,.4 of the detection, the print is finished (Steps ST24 and ST25).

Though no skew is corrected when the skew angle 6¢ is zero in the above algorithm, it must be noted that no
correction may be made when the skew angle 6 becomes equal to or less than a predetermined permissible skew
angle 6p.

In the above algorithm, the skew angle detected at each discrete time N-Td is corrected for the detection interval
Td. Thus, it is impossible to correct skew generated for a period from the time N-Td to a time (N+1)-Td . Further, skew
which can notbe corrected for the interval Td is added to a subsequently calculated skew angle. Therefore, itis necessary
to set the detection interval Td and a torque value of the torque limiter 33 forming carriage load applying means such
that the magnitude of the skew angle calculated at each time N-Td becomes equal to or less than a desired target value.
According to the detection and the correction as described above, in the sheet carrying apparatus having a relatively
smaller variation in the skew angle, it is not necessary to continuously detect the skew angle of the sheet as in the fifth
to thirteenth embodiments. Thus, the correction can be made at relatively rough intervals so that control is facilitated.
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Though a description has been given of the case where the algorithm is applied to the fifth embodiment, it is to be
noted that the algorithm may be applied to other apparatus shown in the sixth to fourteenth embodiments. That is, a
cycle to calculate the skew angle is defined as the time Td, and the skew angle calculated at each time N-Td may be
corrected by the carriage load applying means within the time Td in which the next skew is not calculated. Further, a
carrying force applied by the calculating cycle Td and the carriage load applying means may be predetermined such
that the skew angle calculated at each time N-Td can not exceed a predetermined permissible skew angle. It is thereby
possible to provide rough detection/correction intervals for the skew angle according to a type of the sheet carrying
apparatus. That is, the algorithm can be applied to the sixth embodiment to fourteenth embodiment, similarly resulting
in facilitated control.

When the algorithm is applied to other embodiments, the correction table 92 previously contains a correspondence
between an applying time of carriage load or a load carrying force by the means in the embodiments and the skew angle
oc.

In the third to fifteenth embodiments, a description has been given of the case where the correction is made depend-
ing upon the skew angle 6. described in the first embodiment. However, itis also possible to detect an amount of carriage
as described in the second embodiment so as to correct a deviation of the skew angle from the amount of carriage.

Embodiment 16

The embodiment relates to a sheet carrying apparatus to carry a sheet 30 a plurality of imes on the same carrying
path, in particular, like a color printer. A structure and skew correction in the sheet carrying apparatus are similar to
those in the above embodiments. In this case, on the basis of skew detected at a time of first carriage, correction is
made during second or later carriage.

A description will now be given of the operation. No correction is made at the time of first carriage of the sheet 30,
and a sheet edge position during carriage, detected by a position detecting sensor 34, is stored in storage means.
Further, during second or later carriage, skew is calculated depending upon the stored sheet edge position data so as
to correct the skew.

In the embodiment, it is possible to reduce a relative error in a carrying direction for each carriage, and reduce
misregistration of color, in particular, in the color printer. When edges of the sheets 30 detected by the position detecting
sensor 34 are different in shape (particularly, in the straightness), it may possibly be decided that the sheet is skew even
when no skew is present. However, in this method, such possibility can be reduced. Further, in the fifth to fourteenth
embodiments, it is necessary to control, for example, a mounting position of the position detecting sensor 34 such that
a reference position of the position detecting sensor 34 can be positioned in alignment with a reference sheet carrying
direction. However, in the embodiment, the control can be simplified.

In the first, and third to fifteenth embodiments, on the basis of the skew detected at the time of first carriage among
the plurality of carriage, the correction may be made during the second or later carriage. Thus, in addition to the effects
in the respective embodiments, it is possible to reduce the relative error in the carrying direction for each carriage, and
reduce the misregistration of color, in particular, in the color printer. Further, the embodiment may be applied to the third
to fifteenth embodiments employing the position detecting sensor 34. In this case, even when the edges of the sheets
30 detected by the position detecting sensor 34 are different in shape (particularly, in the straightness), it is possible to
avoid an erroneous decision that the sheet is skew when no skew is present.

Embodiment 17

Fig. 31 is a perspective view showing an essential structure in the seventeenth embodiment of the sheet carrying
apparatus of the present invention. In Fig. 31, the same reference numerals are used for component parts identical with
or equivalent to those shown in Figs. 49 and 50. In Fig. 31, an ink sheet 6 and an ink sheet carrying portion are omitted.

As shown in Fig. 31, a distal end of the sheet 30 is clamped by a clamper 10, and the sheet 30 is circularly carried
in a direction shown by the arrow A in the drawing by forward rotation of a sheet carrying roller 1. At the time, the clamper
10 circulates while applying predetermined tensile strength to the sheet 30. Carriage detecting rollers 100a and 100b
forming means for detecting the sheet 30 are disposed, between the sheet carrying roller 1 and load rollers 31a and
31b, on the right and left sides with respect to a sheet center line in a sheet carrying direction so as to extend in a
horizontal scanning direction. The carriage detecting rollers 100a and 100b have substantially the same diameter, and
include, for example, rubber rollers, or metallic rollers.

The right and left carriage detecting rollers 100a and 100b are rotatably supported by unillustrated side plates so
as to be independently rotated. One ends of the respective carriage detecting rollers 100a and 100b are coupled with
disks 101a and 101b. The disks 101a and 101b have marks disposed at constant intervals in a circumferential direction.
Theses marks are detected by reflection-type photosensors (sensors) 102a and 102b fixed on the side plates. Further,
the carriage detecting rollers 100a and 100b are brought by unillustrated springs with a predetermined pressure con-
tacting force, into pressure contact with following rollers disposed at positions opposed to the carriage detecting rollers
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through the sheet 30. Hence, the carriage detecting rollers 100a and 100b can rotate while following the sheet 30. In
the following discussion, the carriage detecting roller 100a or 100b is sometimes referred to as carriage detecting roller
100. The disk 101a or 101b is sometimes referred to as disk 101.

A description will now be given of a control system in the embodiment with reference to a block diagram of Fig. 32.
Each time the photosensors 102a and 102b detect the marks, the photosensors 102a and 102b output detection signals
to a free running counter 105. The free running counter 105 counts a clock pulse outputted from a reference clock 104,
and, in synchronization with the output from the photosensors 102a and 102b, outputs a count value Tc to a CPU 38.
Further, the free running counter 105 counts the detection signals from the photosensors 102a and 102b so as to output
a count value N to the CPU 38. The CPU 38 stores the respective count values in a memory 107. The CPU 38 calculates
a skew angle and a deviation of carriage (hereinafter referred to as carriage error) from an amount of reference carriage
depending upon the inputted count value Tc and the reference count value Tcg previously stored in the CPU 38.

Subsequently, the CPU 38 reads a coupling time tn of electromagnetic clutch 32 and the number of motor drive
pulse oy, from a correction table 103 depending upon the calculated skew angle and the carriage error so as to output
the coupling time tn and the number of drive pulse oy, to each control means. Here, the reference count value Tc, is a
value calculated depending upon a predetermined reference carrying speed V4. Electromagnetic clutch control means
39 couples/releases the electromagnetic clutch 32 according to coupling/releasing signals inputted from the CPU 38.
Further, motor control means 106 controls a rotational speed of a drive motor 11 to drive the sheet carrying roller 1
according to the number of drive pulse ey, inputted from the CPU 38.

A description will now be given of a principle of detection of the skew angle and the carriage error in the above
structure. The skew of the sheet to be corrected is caused due to the deviation of the carriage speed in a sheet width
direction, that is, due to the deviation of the amount of carriage. Further, a variation in the amount of carriage at the time
tends to increase or decrease substantially linearly with respect to the horizontal scanning direction as long as large
distortion is not generated in the sheet. In addition, an inclination of the variation in the amount of carriage with respect
to the horizontal scanning direction is substantially equivalent to the tangent of the skew angle 6. Therefore, itis possible
to detect an amount of carriage between two points on the sheet in the horizontal scanning direction, and calculate the
inclination of the amount of carriage in the horizontal scanning direction depending upon the detected values, thereby
calculating the skew angle 6. of the sheet depending upon the inclination. Further, the carriage error can be calculated
depending upon a difference between the detected amount of carriage and a predetermined amount of reference car-
riage.

A description will now be given of a method of calculating the skew angle and the carriage error. Fig. 33 is a graph
showing a relationship between a carriage time and the amount of carriage of the sheet 30. The broken line shows an
amount of carriage when the sheet is carried at the predetermined reference carrying speed V4. Therefore, an inclination
of the broken line is equivalent to the reference carrying speed V4. The thick line Q and the narrow line R show illustrative
amounts of carriage of the sheet which is carried with skew. The thick line Q and the narrow line R correspond to amounts
of carriage at positions in contact with the carriage detecting rollers 100a and 100b, and are respectively the amount of
right carriage and the amount of left carriage with respect to the carrying direction. In the drawing, Y1, Y2, and Y3 on
the ordinate axis show an amount of carriage corresponding to each regular rotation angle of the carriage detecting
roller 100, and are disposed at constant intervals. Further, T1, T2, and T3 show a reference carriage time, that is, the
carriage time when the sheet is carried at the predetermined reference carrying speed V4. Since the carriage detecting
roller 100 rotates while following the sheet, an outer periphery of the carriage detecting roller 100 has substantially the
same amount of rotation as the amount of carriage of the sheet. This is because of the fact as will be discussed. That
is, since no resistance is provided against the rotation of the carriage detecting roller 100, no shearing force is applied
to a contact surface between the sheet 30 and the carriage detecting roller 100. Therefore, no slip is caused between
the sheet 30 and the carriage detecting roller 100. Hence, TRy TR, and TR3 and T4 Th, and T'3 respectively show
time points when the amount of rotation of the carriage detecting rollers 100a and 100b reach Y1, Y2, and Y3, and are
time points when the detection signals are outputted from the photosensors 102a and 102b.

Referring now to Fig. 33, when the amount of carriage reaches Y1, Y2, or Y3, actual carriage times of the sheet 30
are deviated from the reference carriage times by ATHy ATH,, AT-3 ATRy ATR, and ATR;. The carriage error can be
found by multiplying the deviation of the carriage time by the reference carrying speed V. Further, the skew angle 6¢
of the sheet can be found according to the expression (5) on the basis of a value detected by the carriage detecting
roller 100b on the left side with respect to the sheet carrying direction. In this case, in the carriage time, a clock pulse
of the reference clock 104 is used as unit.

0oy = Tan T({AT" - AT )-V1yWd) (5)
where N =1, 2, or 3, and Wd is a distance between the carriage detecting rollers 100a and 100b in the horizontal

scanning direction. In the expression (5), the skew angle is calculated depending upon the inclination of the carriage
error with respect to the horizontal scanning direction. However, the skew angle is obviously equivalent to the inclination
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of the amount of carriage. Further, in the expression (5), the skew angle becomes positive when the sheet is rotated to
the left with respect to a reference carrying direction.
Fig. 34 is an explanatory view of a principle of detection of a deviation of the amount of carriage in the embodiment.
In the drawing, reference marks Agr and Ag| show sheet edge positions when no skew and no carriage error are caused
inthe sheet. On the other hand, reference marks Az and A{_show sheet edge positions when the skew and the carriage
error AYy are caused. As is apparent from the drawing, the skew angle 8¢y can be expressed by the expression (5).
The carriage error AY from the amount of reference carriage can be found according to the expression (6):

AY  =-1-{(ATE  + AT )+ ATE - ATR M2V (6)

whereN=1,2,0r3

Here, the correction is made depending upon the skew angle 6¢ and the carriage error AY found in the expressions
(5) and (6). In the expressions (5) and (6), though only first to third detections are expressed, in actuality, the detection
is executed a plurality of times until print is finished.

A description will now be given of a method of correction. The skew angle 6 can be corrected by controlling carriage
load applied from the load roller 31, and the carriage error AY can be corrected by control of the rotational speed of the
drive motor 11 todrive the sheet carrying roller 1. The correcting operations are concurrently performed while the carriage
detecting rollers 100a and 100b are rotated by the predetermined regular rotation angle. The respective correcting
operations will be described specifically.

The skew angle 6 is corrected by applying the carriage load from the load roller 31a or 31b to the side on which
the amount of carriage in a sheet width direction is increased due to the skew so as to rotate the sheet 30 in a direction
opposed to the skew angle 6. The carriage load is transmitted from a torque limiter 33a or 33b by setting, in a coupling
state, an electromagnetic clutch 32a or 32b on the side to which the load is applied. The electromagnetic clutch 32 to
be coupled is determined depending upon the sign of the skew angle 6. calculated according to the expression (5). For
example, when the skew angle 0¢ is positive, the electromagnetic clutch 32 on the right side with respect to the sheet
carrying direction is coupled. The coupling of the electromagnetic clutch 32 is kept for the coupling time tn read from
the correction table 103 according to the magnitude of the skew angle 8¢, and is thereafter released. The coupling time
tn is determined by the magnitude of the carriage load determined by the torque limiter 33.

The carriage error AY can be corrected by changing the rotational speed V,, of the drive motor 11 to drive the sheet
carrying roller 1 according to the expression (7). In this case, the rotational speed V,, can be changed by modulating
the number of drive pulse oy, of the drive motor 11.

V=V (1-AY/Td) 7
where V4 is the predetermined reference rotational speed, and Td is a time required for rotation of the carriage
detecting roller 100 by a regular rotation angle at the reference carrying speed V4. According to the expression (7), for
example, when the carriage error AY is positive, that is, when the amount of carriage exceeds a predetermined amount,
the rotational speed V,,, of the drive motor 11 is decelerated.

Fig. 35 is a flowchart showing the steps of processing in the correcting operation, in which N in 6Cy and AY) shows
the number of times of detection.

Print is started in Step ST31. In Step ST32, the CPU 38 sets the count value T¢ of the free running counter 105
and the mark detection count value N of the disk 101 to zero. When the mark of the first disk with respect to the carrying
direction is detected, the CPU 38 causes the free running counter 105 to start to count the reference clock (Step ST33).
The CPU 38 stores the respective count values Tc at times of detection of the marks of the disks 101a and 101b in the
memory 107 as Tty and TRy (Step ST34). Further, the CPU 38 updates the mark detection count N (Step ST35). There-
after, when the marks of the first and second disks 101a and 101b are respectively detected, the CPU 38 stores the
respective count values T¢ in the memory as T'-N and TRN (Step ST36).

Further, when both the marks of the first and second disks 101a and 101b are detected, the CPU 38 calculates the
skew angle 6cy and the carriage error AY) (Step ST37). Subsequently, the CPU 38 reads a clutch coupling time tn and
a frequency of motor drive pulse w,,, from the correction table according to the skew angle 6¢y and the carriage error
AYy (Step ST38). When the carriage error AY) is zero, the CPU 38 controls such that the drive motor 11 can be driven
at the predetermined frequency of reference motor drive pulse w,¢ (Step ST39). When the carriage error AY) is not
zero, the CPU 38 controls such that the drive motor 11 can be driven at the frequency of motor drive pulse a,, read
from the correction table (Step ST40). The frequency of motor drive pulse as set herein is continuously used until both
the marks of the first and second disks 101a and 101b are detected.

When the skew angle 6y, is zero, the CPU 38 does not couple the electromagnetic clutch. Otherwise, when the
skew angle ¢y, is not zero, the CPU 38 selects the electromagnetic clutch 32 according to a direction of the skew so
as to set the electromagnetic clutch 32 in the coupling state for the clutch coupling time tn read from the correction table
(Step ST41). After the elapse of the time tn, the CPU 38 releases the electromagnetic clutch.
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The CPU 38 updates the number of times of mark detection N (Step ST42). When the number of times of mark
detection N becomes a predetermined mark count N4, the CPU 38 terminates processing for the detection and the
correction (Step ST43). Then, the print is ended (Step ST44).

In Step ST37, the skew angle 6 and the carriage error AY can be calculated according to the expression (8) derived
depending upon the expressions (5) and (6):

Oon =T N T o THT T T o T - VohWd (8)
=T T TR TR 1V hwd
AY = (1) [T T T TR ) +iTE T - R TR 2T -V

where N =1, 2, 3, ... ngng-1, and Ty is the reference carriage time.

In the embodiment, the skew is not corrected when the skew angle 6; and the carriage error AY are respectively
zero. However, it must be noted that the correction may be prohibited when the skew angle 6 and the carriage error
AY are respectively equal to or less than a predetermined permissible skew angle 6g, and a permissible carriage error
AYy. In the above algorithm, when the Nth mark is detected, the calculated skew angle is corrected before the (N+1)th
mark is detected. Hence, it is impossible to correct a skew angle generated for a period from a time of detection of the
Nth mark to a time of detection of the (N+1)th mark. Therefore, it is necessary to set mark intervals and a torque value
of the torque limiter 33 such that the magnitude of the skew angle calculated at the time of detection of the Nth mark
becomes equal to or less than a desired target value.

In the above structure, it is possible to concurrently correct the skew of the sheet 30 and correct the carriage error
during carriage. Further, an expensive fine resolution encoder is not required to detect the amount of carriage, resulting
in an inexpensive structure of the apparatus. Though, in the embodiment, the skew is corrected according to the same
method as that in the fifth embodiment, it is to be noted that the present invention should not be limited to this. The same
effect can be obtained by the structures described in the sixth to fourteenth embodiments.

Though, in the embodiment, the carriage detecting roller 100 is interposed between the sheet carrying roller 1 and
the load roller 31, it is to be noted that the present invention should not be limited to this. The carriage detecting roller
100 may be disposed in the upstream of the load roller 31, resulting in the same effect. Further, the carriage detecting
roller 100 may be opposed to the load roller 31 through the sheet 30, resulting in the same effect and a more simplified
structure.

Embodiment 18

Fig. 36 is a perspective view showing an essential structure in the eighteenth embodiment of the sheet carrying
apparatus of the present invention. In Fig. 36, the same reference numerals are used for component parts identical with
or equivalent to those shown in Figs. 49 and 50. In Fig. 36, an ink sheet 6 and an ink sheet carrying portion are omitted.
In the embodiment, carriage detecting means are equivalent to those in the seventeenth embodiment, and carriage load
applying means are equivalent to those in the seventh embodiment. However, the embodiment is different from the
above embodiments in positional relationships of the component parts, and descriptions thereof will be given. The same
reference numerals are used for component parts identical with or equivalent to those shown in Figs. 12 and 31, and
detailed descriptions thereof are omitted.

As shown in Fig. 36, the carriage detecting rollers 100a and 100b forming the carriage detecting means are disposed,
in the upstream of the sheet carrying roller 1, on the right and left sides with respect to a sheet center line in a sheet
carrying direction so as to extend in a horizontal scanning direction. Load rollers 31a and 31b serving as load applying
members forming the carriage load applying means are disposed at positions opposed to the carriage detecting rollers
100a and 100b through the sheet 30. The respective rollers are independently rotatably supported by an unillustrated
mechanism. The carriage detecting rollers 100a and 100b, and the load rollers 31a and 31b are disposed such that right
and left roller rotating shafts are disposed in alignment with each other, and directions of the respective rotating shafts
are perpendicular to the carrying direction. In such a structure, during sheet carriage, the carriage detecting rollers 100a
and 100b are brought into pressure contact with load rollers 140a and 140b with a predetermined pressure contacting
force through the sheet 30. The carriage detecting rollers 100a and 100b have substantially the same diameter, and
include, for example, rubber rollers, or metallic rollers. The load rollers 140a and 140b have substantially the same
diameter, and include, for example, rubber rollers, or metallic rollers having fine irregularity of their surfaces.

Inthe above structure, an amount of sheet carriage is detected according to the method described in the seventeenth
embodiment. Depending upon the result of detection, a skew angle 6., of the sheet is corrected according to the method
described in the seventh embodiment, and the carriage error AY is corrected according to the method described in the
seventeenth embodiment.
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Fig. 37 is a block diagram showing a control system in the embodiment. In Fig. 37, the same reference numerals
are used for blocks identical with or equivalent to those shown in Figs. 14 and 32.

When the correction is made, the CPU 38 reads data required for the correction from a correction table depending
upon the calculated skew angle 6¢ and the carriage error AY. The correction table 103 contains rotation angle data of a
stepping motor 147, and data associated with a time tn for which a braking force is applied to the load roller and with
the number of drive pulse ey, for a drive motor 11. The CPU 38 outputs a drive signal to stepping motor control means
148 and motor control means 106 depending upon the read data. The stepping motor control means 148 controls the
stepping motor 147 depending upon the drive signal inputted from the CPU 38 so as to apply carriage load to the sheet.
The motor control means 106 controls a rotational speed of the drive motor 11 depending upon the number of drive
pulse wp, inputted from the CPU 38.

According to the embodiment, it is possible to reduce the number of parts such as rollers forming the carriage
detecting means and the carriage load applying means, and simplify the apparatus.

Though the load roller in the seventh embodiment is used as the load applying member in the embodiment, it must
be noted that the present invention should not be limited to this, and may include another member as long as the member
can apply the carriage load to the sheet. For example, it is also possible to use the load roller described in the fifth
embodiment or the sixth embodiment, or the electrode plate described in the tenth embodiment, and perform the cor-
rection according to the structure and the method described in the respective embodiments, resulting in the same effect.
As the load applying member, there may be employed the friction plate in the ninth embodiment, which can be brought
into pressure contact/disengaged. In this case, a metallic roller is used as the detecting roller for the purpose of avoiding
a variation in a rotation diameter of the detecting roller due to a variation in a pressure contacting force of the load
applying member. As the load applying member, there may be employed the inductor in the eleventh embodiment. In
this case, a frictional material such as felt is applied to the inductor at a portion in contact with the sheet. The metallic
roller having magnetism is used as the detecting roller for the purpose of generating the pressure contacting force
between the inductor and the detecting roller by a magnetic field generated by the inductor, and avoiding the variation
in the rotation diameter of the detecting roller due to a variation in the pressure contacting force.

In the embodiment, the carriage detecting rollers are in contact with the sheet on the print side, and the load rollers
are in contact with a back surface of the sheet. However, it is to be noted that the aspect of contact of the respective
rollers should not be limited to this. The load rollers may be in contact with the sheet on the print side, and the carriage
detecting rollers may be in contact with the back surface of the sheet. In this case, as configured as shown in Fig. 36,
there is no adhesion of the load roller to a rubber print surface, which is easily caused when the braking force is applied
to the load roller. As a result, it is possible to obtain a good output image.

Embodiment 19

Fig. 38 is a perspective view showing an essential structure in the nineteenth embodiment of the sheet carrying
apparatus of the present invention. In the seventeenth embodiment, the carriage error is corrected by control of the
rotational speed of the drive motor 11 coupled with the sheet carrying roller 1. In the embodiment, the carriage error is
corrected by controlling a carrying force applied to a sheet 30. Further, in the sheet control apparatus, the carrying force
applied to the sheet 30 is controlled by control of tensile strength applied from a clamper 10 to the sheet 30 and by
control of carriage load applied from load rollers 31 as described in the sixteenth embodiment. In Fig. 38, the same
reference numerals are used for component parts identical with those shown in Fig. 31.

As shown in Fig. 38, timing belts 3 between which the clamper 10 is interposed are circularly driven by a drive motor
12. Further, transmitting torque of an electromagnetic clutch 108 coupled with the drive motor 12 is variable. The elec-
tromagnetic clutch 108 is set such that torque T1 can be transmitted when no correction is made, and the transmitting
torque is changed into T2 depending upon an inputted signal when the correction is made. In this case, values of the
torque meet a relationship of T1 < T2.

First, a description will now be given of a principle of correction of the carriage error. When the carriage load is
applied uniformly in a horizontal scanning direction, the amount of carriage of the sheet 30 is uniformly decreased in
the horizontal scanning direction with respect to an amount of reference carriage. When the carrying force is similarly
applied in a carrying direction, the amount of carriage is uniformly increased in the horizontal scanning direction with
respect to the amount of reference carriage. This is because a slight amount of slip at a contact portion between the
sheet carrying roller 1 and the sheet 30 is varied according to the applied carrying force. In the embodiment, the carrying
force is controlled by using such a characteristic so as to correct skew of the sheet and the carriage error.

Next, a description will now be given of a correcting operation. Initially, depending upon a skew angle 8¢y calculated
in a CPU 38, the skew is corrected by the load rollers 31 according to the same method as that in the sixteenth embod-
iment. Subsequently, the carriage error is corrected depending upon AYy. Specifically, when AY is positive, that is,
when the actual amount of sheet carriage exceeds the amount of reference carriage, right and left electromagnetic
clutches 32a and 32b are set in a coupling state, and both the load rollers 31 uniformly apply the carriage load to the
sheet. As a result, the amount of slip at the contact portion between the sheet 30 and the sheet carrying roller 1 is
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increased so as to decrease the amount of carriage. Consequently, the carriage error is corrected. Otherwise, when
AYy is negative, that is, when an actual amount of sheet carriage is less than the amount of reference carriage, the
transmitting torque of the electromagnetic clutch 108 is increased from T1 to T2. Thus, the carrying force applied to the
sheet 30 in the carrying direction is increased. As a result, the amount of slip at the contact portion between the sheet
30 and the sheet carrying roller 1 is varied so as to increase the amount of carriage, and the carriage error can be
corrected.

A coupling time of both the right and left electromagnetic clutches 32a and 32b, and a transmitting torque increasing
time in the electromagnetic clutch 108 are determined depending upon AYy.

The torque value of the torque limiter 33 coupled with the load roller 31 and the transmitting torque value T2 of the
electromagnetic clutch 108 are set such that the corrections for 6,y and AYy are completed before the next values are
calculated.

Embodiment 20

Inthe nineteenth embodiment, the carriage error is detected according to the method as described in the seventeenth
embodiment. However, it must be noted that the carriage error may be detected for each rotation of carriage detecting
rollers 100. In the nineteenth embodiment, in order to detect and correct a slight amount of carriage error, ununiformity
in mark intervals on a disk 101, or a deviation of diameter of the carriage detecting roller 100 may cause a detection
error. Since the detection error is generated for each rotation of the carriage detecting roller 100, it is possible to reduce
the carriage error by detecting the carriage error for each rotation.

Specifically, when, for example, ten marks are written on the disk 101, in Step ST36 of the flowchart in Fig. 35, the
detection may be made for each time the number of times of mark detection N becomes integral multiples of ten.

It is to be noted that the detection interval of the carriage error should not be limited to each rotation of the carriage
detecting roller 100, and may be for each n rotation (n is a natural number).

Embodiment 21

Fig. 39 is a perspective view showing a carriage detecting roller 100 in the twenty-first embodiment of the present
invention. A sheet carrying apparatus in the embodiment is provided with the structure in the nineteenth embodiment
or the twentieth embodiment, in which origin registration is made for a rotation position of each carriage detecting roller
100 each time one sheet 30 is carried. As shown in Fig. 39, the carriage detecting roller 100 is coupled with a disk 101
through a shaft, and a weight 98 is mounted to a partial periphery of the shaft. The weight 98 implements a registration
mechanism to perform the origin registration of a rotation angle of the carriage detecting roller 100.

A description will now be given of the operation. Before carriage of the sheet 30, the carriage detecting rollers 100
are in a state to be apart from a predetermined position during carriage. At the time, the weight 98 can apply moment
to rotate each carriage detecting roller 100. Since each carriage detecting roller 100 is rotatably supported, each carriage
detecting roller 100 can be rotated to reach a position at which the weight 98 is downward directed. When print is started
inthis state, each carriage detecting roller 100 is brought into contact with the sheet with the weight 98 directed downward.
Therefore, a photosensor can start detection continuously from the same mark. In such a way, without detecting for each
rotation of the roller, it is possible to reduce the detection error of the amount of carriage caused due to the deviation of
the carriage detecting roller 100 or the ununiformity in the mark intervals.

In this case, it is to be noted that an adjusting mechanism for the origin registration should not be limited to the
mechanism using the weight 98. For example, for the origin registration, a magnetic member may be mounted to a partial
periphery of each disk 101, and, when each carriage detecting roller 100 is in a separated state before carriage, the
magnetic member may be attracted by a magnet secured to a side plate and so forth.

Embodiment 22

In the seventeenth to twenty-first embodiments, in case the sheet 30 is carried a plurality of times on the same
carrying path, in particular, like a color printer, on the basis of first carriage, the correction may be made during second
or later carriage. A description will now be given of the operation. No correction is made at a time of the first carriage of
the sheet 30, and count values are stored in a memory when marks on the disks 101 of the carriage detecting rollers
100 are detected (T-y and TRy in Fig. 32). Thereafter, during second or later carriage, skew and a carriage error are
calculated on the basis of the stored data to perform the correction.

As in the sixteenth embodiment, in the embodiment, it is possible to reduce a relative error in a carrying direction
for each carriage, and reduce misregistration of color, in particular, in the color printer.
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Embodiment 23

The embodiment relates to correction of translation (shift) of a sheet in a horizontal scanning direction, which is
generated when skew is corrected according to the method described in the above embodiments. Here, a description
will be given on the basis of the structure and the operation in the fifteenth embodiment.

Fig. 40 is an explanatory view showing the operation in the embodiment. The transverse axis denotes a carriage
time, specifically, denotes operation timing for an interval from one carriage time N'Td to another carriage time (N+1)-Td .
In the embodiment, an interval Td is divided into, for example, three intervals 1, J, and K. The respective intervals have
periods 14, tp, and t3. In the drawing, a skew angle and an amount of shift are shown as values at each end time of each
interval, excluding skew and an amount of shift additionally caused in each interval.

In the interval |, among electromagnetic clutches 32a and 32b, the electromagnetic clutch 32 on the side to apply
carriage load in a direction to correct a detected 6y is set in a coupling state. In the interval J, the coupling state is
provided for the electromagnetic clutch 32 other than the electromagnetic clutch 32 setin the coupling state in the interval
I. In the interval K, both the electromagnetic clutches 32a and 32b are released. It is possible to correct both the skew
and shift by determining the respective periods t1 and t, such that a skew angle 6gp,¢ and an amount of shift AXy, 4
can be minimized at the time (N+1)-Td . A description will now be given of an actual operation executed for each interval
including the interval Td.

A method of calculating the periods t4 and t, will be described. First, a description will be given of a relationship
between the skew angle of the sheet and the amount of shift with reference to Fig. 41. Fig. 41 is a plan view showing
the vicinity of an edge of a sheet 30 carried by a sheet carrying roller 1 in a skew state. In the drawing, the sheet 30 is
carried in a direction of the arrow A. Further, the line yg means a print line on the sheet carrying roller 1. When the sheet
30 is initially carried in a state to be inclined by 6 with respect to a carrying direction as shown by the solid line, the edge
30a reaches a position as shown by the broken line after the elapse of a time dt. At the time, an intersection of the line
yo and the edge 30a of the sheet 30 is shifted from Fq to F4. Here, if a reference carrying speed of the sheet is defined
as V4, one relationship is established between the skew angle 6 of the sheet after the elapse of the time dt and the
amount of shift dAX as shown by the expression (9):

dAX/(V -dt) = Tan " (6) 9)
If 8 is a sufficiently small value, the expression (10) can be obtained by modifying the expression (9):
dAX = Tan " (6)-V ,-dt = 6-V -dt (10)

When time integral is made for both the sides of the expression (10), it is possible to obtain the expression (11)
showing the relationship between the skew angle of the sheet and the amount of shift.

AX = [(6-V )dt (1)

A description will now be given of the method of calculating the periods t1 and t, with reference to the drawing.
For the sake of simplicity, a sheet state at the carriage time N-Td is set as follows:

Oony >0,and AX >0 (12)
The expression (12) corresponds to a state in which the sheet 30 is skewed to the left with respect to a reference
carrying direction. The amount of shift AXy shows a distance from a reference position on the sheet carrying roller 1.
According to the expression (12), the electromagnetic clutch 32a on the right side with respect to the carrying direction
is set in the coupling state in the interval | so as to apply the carriage load to the sheet 30 on the right side. When, in
this state, the sheet 30 is carried at substantially the same carrying speed as a reference carrying speed V, for the

period t4, values at the time N-Td+t{ can be found as the expression (13):
Ooy | = Oy - kOt (13)
AXy = AXy + OtV - ket 2Vi2

where ko is a known constant coefficient showing a rate of change in the skew angle to an applying time of the
carriage load, that is, corresponding to the inclination of the line shown in Fig. 8. Subsequently, values at a time

N-Td+t,+t, atwhich the operation in the interval J is finished can be found by the expression (14):

2 1
Bon =06on -kt (14)
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= 0oy + KO (g +1p)
AXy 2 = AX + 0gp(ty +15)°V + kO (1, 2 41y 2)V, /2 -kOet 1,0V

Further, values atatime (N+1)-Td at which the operation inthe interval Kiis finished can be found by the expression
(15):

2

Ocnet = 0Ocn (15)

= Oy + KO (ty +1p)
AXppq = AXp +{0gy - (ty - 1) KOFTV | + ke (ty 2 -ty %)V (/2 - KO-t tV

where Td =t +1, +t3

According to the expression (15), t and t, are calculated so as to minimize the magnitudes of 6,1 and AXy, 1.
If there is no solution to minimize both the magnitudes of 6.1 and AXy., 1, t1 and to meeting a predetermined condition
may be calculated. Though 8¢, 1 is defined as a positive value, 6.1 may be a negative value. In this case, it is possible
to calculate t1 and t, according to the same method as set forth above by using k6 having the opposite sign in the
expressions (13) and (14).

According to the method as described above, t1 and t, are calculated depending upon the skew angle 6 and the
amount of shift AXy which are detected for each interval Td, and carriage load applying means or carrying force applying
means is controlled depending upon the values as shown in Fig. 40. It is thereby possible to concurrently correct the
skew and the shift during carriage. In this case, the amount of shift AXy of the sheet can be calculated depending upon
a value from a position detecting sensor 34.

Here, t1 and t, are calculated so as to minimize the magnitudes of 6cy,1 and AXy, 1. However, t1 and t, may be
calculated so as to minimize the magnitudes of GCNZ and AX\2, resulting in the same effect.

Inthe embodiment, the skew is successively detected and corrected in the interval Td by way of the fifteenth embod-
iment as one example. However, it is to be noted that the skew may be detected and corrected for each rotation of a
carriage detecting roller by a predetermined regular rotation angle according to the method described in the seventeenth
embodiment, resulting in the same effect. Even when the skew angle is detected and corrected in real time, the same
calculation and operation as those described above may be performed at a time when the calculated skew angle exceeds
a desired permissible skew angle, resulting in the same effect. In this case, it is necessary to set a correction time Tc
corresponding to the above interval Td. The correction time Tc is previously set such that the magnitude of a skew angle
generated for the correction time Tc becomes equal to a desired target value or less.

Embodiment 24

Fig. 42 is a block diagram showing a control system in the twenty-fourth embodiment of the sheet carrying apparatus
of the present invention. Shift correcting means 138 shown in Fig. 42 controls a position of a print area of unillustrated
printing means in a horizontal scanning direction.

A description will now be given of a correcting operation. Position detecting means 135 detects, on demand during
carriage, a position in the horizontal scanning direction of a sheet carried by sheet carrying means. Further, shift calcu-
lating means 136 calculates an amount of shift AX of the sheet depending upon a deviation of position data of a sheet
edge outputted from the position detecting means 135 from a predetermined reference position. Subsequently, shift
deciding means 137 compares the calculated amount of shift AX with a predetermined amount of permissible shift AXy.
If correction is required, the shift deciding means 137 outputs a drive signal depending upon AX such that the print area
can be moved in the same direction as that in which the sheet is shifted. Further, the shift correcting means 138 is driven
depending upon the drive signal inputted from the shift deciding means 137 so as to correct the shift of the sheet.

The above operation is repeated until carriage of the sheet is completed so as to correct the shift of the sheet
generated during carriage without stopping the carriage.

Embodiment 25

Fig. 43 is a perspective view showing an essential structure in the twenty-fiith embodiment of the sheet carrying
apparatus of the present invention. In Fig. 43, the same reference numerals are used for component parts identical with
those shown in Figs. 49, and 50. In Fig. 43, an ink sheet 6 is omitted. As shown in Fig. 43, a distal end of a sheet 30 is
clamped by a clamper 10, and the sheet 30 is circularly carried in a direction shown by the arrow A in the drawing by
forward rotation of a sheet carrying roller 1. At the time, the clamper 10 circulates while applying predetermined tensile
strength to the sheet 30. In the downstream of the vicinity of the sheet carrying roller 1, a position detecting sensor 109
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is disposed at a position at which the edge of the sheet 30 can be detected. The position detecting sensor 109 includes
a light source 109a and one line-type CCD sensor 109b so as to detect the position of the sheet edge in a horizontal
scanning direction. Further, a thermal head 110 serves as means for correcting a print position according to an amount
of shift of the sheet 30 in the horizontal scanning direction, and is brought into pressure contact with the sheet carrying
roller 1 with a predetermined pressure contacting force by an unillustrated spring through the sheet 30 and the unillus-
trated ink sheet 6.

A detailed description will now be given of the thermal head 110 serving as shift correcting means with reference
to Fig. 44. Fig. 44 is an explanatory plan view showing the vicinity of the thermal head of the sheet carrying apparatus.
In the drawing, reference marks W, Wp and W mean a heating line width, a sheet width, and a print width of the
thermal head 110. A heating line 111 of the thermal head 110 includes a plurality of heating resistive elements arrayed
at constant intervals Dh in the horizontal scanning direction. The interval Dh between the heating resistive elements
(hereinafter referred to as dot width) is determined according to desired resolution. Typically, the heating line width W
is set to be substantially equal to the predetermined print width Wp. However, in the embodiment, the heating line width
W__of the thermal head 110 is set to be larger than the print width Wp. That is, there are formed heating resistive elements
whose number is more than the number of heating resistive elements determined by the print width W and the dot
width Dh. Further, the heating line 111 is controlled so as to optionally select an area which is heated during print.
Therefore, even when a shift in the horizontal scanning direction is caused at a position of the sheet 30 on the sheet
carrying roller 1, the heating area of the heating line 111 may be varied according to the amount of shift of the sheet 30.
It is thereby possible to avoid a deviation of the print position due to the shift.

A description will now be given of a control system in the embodiment with reference to a block diagram of Fig. 45.
Output from the position detecting sensor 109 is outputted to a latch 37 on demand. In synchronization with a signal
inputted from a CPU 38, the latch 37 outputs the output signal from the position detecting sensor 109 to the CPU 38.
The CPU 38 compares the output signal from the position detecting sensor 109 with reference position data of a pre-
determined sheet edge so as to calculate an amount of shift AX of the sheet 30 in the horizontal scanning direction.
When the calculated amount of shift AX becomes equal to or more than a length half one dot width Dh, the CPU 38
outputs shift data to thermal head control means 112. The thermal head control means 112 calculates a direction for
shift and the number of dot for shift depending upon the inputted shift data. Further, the heating area on the thermal
head is shifted by the calculated number of dot in a direction for correction. In subsequent process, depending upon
image data from an image memory 113, the heating resistive elements 114 in the heating area after the shift are driven
for a transferring operation.

A description will now be given of a correcting operation in the embodiment using the structure with reference to
Fig. 46. Fig. 46 is similar to Fig. 44, and shows a state in which the heating area is shifted according to the detected
amount of shift. In the drawing, reference numeral Gy means a reference heating area, and G, is a shaded heating area
after the shift.

Initially, an edge position E4 of the sheet 30 is detected immediately before print of each color. The amount of shift
AX is calculated depending upon the detected edge position E4 and a predetermined reference position Eq. When the
amount of shift AX becomes equal to or more than the length half one dot width Dh, the heating area is shifted. Thus,
the number of dot N used for the shift can be calculated according to the expression (16):

N = f({AX!/Dh) (16)

where a function f(x) serves to count fractions of .5 and over as a unit and cut away the rest. Further, the heating
area is shifted from the reference position by the number of dot N¢. The heating area is shifted in the same direction as
that in which the sheet 30 is shifted. In Fig. 46, the heating area is shifted from Gg to G4. After the completion of shift of
the heating area, sheet carriage and print are started. During the print, while the sheet is carried, the position of the
sheet is detected by the position detecting means on demand. When the amount of shift X becomes a length of Dh/2
or more, the heating area is shifted according to the same method as described above.

In this case, as is apparent from the expression (16), the heating area is shifted by one dot. The above correcting
operation is performed for each color until the print is completed. It is thereby possible to reduce the deviation of the
print position in the horizontal scanning direction to Dh/2 or less on the right and left sides of the reference position.
Therefore, when the print is made to superimpose two or more colors, it is possible to reduce misregistration of color in
the horizontal scanning direction to the one dot width Dh or less.

As set forth above, in the embodiment, the shift can be corrected by only electrical control. Consequently, no addi-
tional mechanism is required for the correction, and a structure is simple. It is also possible to correct without damage
to a print surface. In the embodiment, the correction is made when the sheet is shifted by Dh/2 or more. However, it
must be noted that a desired shift permissible value AXy may be set, and the correction may be made when the amount
of shift becomes AXq or more. Further, though the thermal head is used as the printing means in the embodiment, it is
to be noted that the present invention should not be limited to this. For example, the printing means may include other
printing means in an ink jet mode, an electrostatic recording mode, an ion jet flow mode having a structure in which
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recording elements are arrayed on a line with a width corresponding to a desired recording width, and the printing means
may be configured as set forth above, resulting in the same effect.

Embodiment 26

Fig. 47 is a perspective view showing an essential structure in the twenty-sixth embodiment of the sheet carrying
apparatus of the present invention. In Fig. 47, the same reference numerals are used for component parts identical with
those shown in Figs. 49 and 50. In Fig. 47, an ink sheet 6 is omitted.

As shown in Fig. 47, a distal end of a sheet 30 is clamped by a clamper 10, and the sheet 30 is circularly carried in
a direction shown by the arrow A in the drawing by forward rotation of a sheet carrying roller 1. At the time, the clamper
10 circulates while applying predetermined tensile strength to the sheet 30. In the downstream of the vicinity of the sheet
carrying roller 1, a position detecting sensor (position detecting means) 109 is disposed at a position at which the edge
of the sheet 30 can be detected. The position detecting sensor 109 includes a light source 109a and one line-type CCD
sensor 109b so as to detect the position of the sheet edge in a horizontal scanning direction. Further, a thermal head 9
is brought into pressure contact with the sheet carrying roller 1 with a predetermined pressure contacting force by an
unillustrated spring through the sheet 30 and the unillustrated ink sheet 6. Further, linear actuators 120a and 120b
forming head position control means are secured to both ends of the thermal head 9 so as to be extensible in the
horizontal scanning direction. For example, piezoelectric elements are used as the linear actuators 120a and 120b. In
addition, one ends of the linear actuators 120a and 120b are secured to unillustrated side plates so that the linear
actuators 120a and 120b can be moved up/down together with the thermal head 9.

In the above structure, the two linear actuators 120a and 120b are expanded and contracted in opposite phase, and
the thermal head 9 can thereby be moved in directions shown by the arrow H. A moving distance can be controlled by
voltage applied to the linear actuators 120a and 120b.

A description will now be given of a control system in the embodiment with reference to a block diagram of Fig. 48.
Output from the position detecting sensor 109 is outputted to a latch 37 on demand. In synchronization with a signal
inputted from a CPU 38, the latch 37 outputs the output signal from the position detecting sensor 109 to the CPU 38.
The CPU 38 compares the output signal from the position detecting sensor 109 with reference position data of a pre-
determined sheet edge so as to calculate an amount of shift of the sheet 30 in the horizontal scanning direction. Then,
the calculated amount of shift is compared with a predetermined amount of permissible shift. When the amount of shift
exceeds the amount of permissible shift, applied voltage data is read from a correction table 122. The correction table
122 previously contains a relationship between the amount of movement of the thermal head in the horizontal scanning
direction and the applied voltage. The CPU 38 outputs the applied voltage data to actuator control means 121. The
actuator control means 121 drives the linear actuators 120a and 120b depending upon the inputted applied voltage data.

A description will now be given of a correcting operation in the embodiment using the structure. Initially, the CPU
38 detects an edge position of the sheet 30 immediately before print of each color through the position detecting sensor
109. The CPU 38 calculates an amount of shift AX of the sheet in the horizontal scanning direction by subtracting the
predetermined reference position from the detected edge position. When the amount of shift AX exceeds the amount
of permissible shift, the thermal head 9 is moved by the linear actuators 120a and 120b according to the amount of shift
AX. At the time, the two linear actuators 120a and 120b are expanded and contracted such that the thermal head 9 can
be moved by a distance AXin the same direction as that in which the sheet 30 is shifted. Therefore, relative misregistration
between the sheet 30 and the heating area on the thermal head 9in the horizontal scanning directions H can be canceled,
and print can be started from a desired reference position. After the completion of movement of the thermal head 9, the
sheet carriage and the print are started. During the print, while the sheet is carried, the position of the sheet is detected
on demand. When the detected amount of shift AX exceeds the amount of permissible shift, according to the same
method as described above, the two linear actuators 120a and 120b move the thermal head by the distance AX from
the reference position in the direction in which the sheet 30 is shifted.

The above correcting operation is performed for each color until the print is completed. It is thereby possible to
reduce a deviation of the print position in the horizontal scanning direction to the amount of permissible shift or less on
the right and left sides of the reference position.

Though the thermal head is used as the printing means in the embodiment, it is to be noted that the present invention
should not be limited to this. For example, the printing means may include other printing means in an ink jet mode, an
electrostatic recording mode, an ion jet flow mode having a structure in which recording elements are arrayed on a line
with a width corresponding to a desired recording width, and the printing means may be configured as set forth above,
resulting in the same effect.

In the embodiment, the linear actuators including the piezoelectric elements are directly connected to the thermal
head. However, the linear actuator may be connected to the thermal head through a moving amount amplifier mechanism.
Further, though the piezoelectric elements are used as the linear actuators forming the head position control means, it
is to be noted that the present invention should not be limited to this. It is also possible to use, for example, a linear
actuator which can move the head in the horizontal scanning direction, or a motor coupled with a cam, resulting in the
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same effect. Further, in the embodiment, the head position control means are provided for both ends of the thermal
head. However, it is to be noted that the head position control means may be provided for only one end, urging means
such as spring may be provided for the other end, and the thermal head may continuously be urged to the head position
control means by urging pressure.

In the present embodiment, a correction table, in which relations for control for the amount of movement of the
thermal head are stored, is previously employed. However, it may be possible that an optical sensor or the like detects
the amount of movement of the thermal head and the amount of movement of the thermal head is controlled by feedback
of detected amount of movement of the thermal head. Further it may be possible that the head position control means
comprises a rough moving means for moving the thermal head in an interval corresponding to one dot (one printing
element on the thermal head) or more and a fine moving means for moving the thermal head in an interval corresponding
to less than one dot. A linear actuator, a motor connected with cam or the like is used for example as the rough moving
means. A piezoelectric element or the like is used for example as the fine moving means. In the above constructed
apparatus, fine position correction is achieved in case a shift corresponding to a few dot or more is occurred.

In the twenty-fifth embodiment and the twenty-sixth embodiment, only one position detecting sensor is disposed to
detect the edge position of the sheet. However, it is to be noted that the present invention should not be limited to this.
Two position detecting sensors may be disposed to extend in a sheet carrying direction such that a sensor detecting
direction is perpendicular to the sheet carrying direction. In addition, by grasping a positional relationship between the
two position detecting sensors and the sheet carrying roller, it is possible to calculate the sheet edge position on the
sheet carrying roller depending upon the sheet edge positions at positions of the two detecting sensors. Consequently,
even when the sheet is rotated due to skew, it is possible to more accurately detect the sheet edge position on the sheet
carrying roller than would detect by one sensor.

Embodiment 27

The embodiment relates to a sheet carrying apparatus to carry a sheet 30 a plurality of imes on the same carrying
path, in particular, like a color printer. In the fifth to eleventh embodiments, on the basis of first carriage, correction is
made during second or later carriage. A description will now be given of the operation. No correction is made at a time
of the first carriage of the sheet 30, and a sheet edge position during carriage, detected by a position detecting sensor
109, is stored in a memory. Further, in second or later carriage, skew is calculated depending upon sheet position data
stored at the time of the first carriage so as to correct the skew.

In such a way, it is possible to reduce a relative error of the sheet position in a carrying direction for each carriage,
and reduce misregistration of color, in particular, in the color printer. Further, it is possible to reduce a variation in a
detection accuracy generated due to a difference in edge shape (particularly, in the straightness) of the sheets 30
detected by the position detecting sensor 109.

In the embodiment, a position detecting sensor 34 and the position detecting sensor 109 include a line-type CCD
sensor and a light source. However, it must be noted that the present invention should not be limited to this. For example,
a two-dimensional CCD sensor and a light source may be employed. Alternatively, there may be employed a contact-
type sensor contacting a side edge of the sheet.

In the above embodiments, the skew, the carriage error, and the shift of the sheet during carriage are discretely
corrected. However, any one of the first, and third to fourteenth embodiments may be combined with any one of the
twenty-fourth to twenty-sixth embodiments. As a result, it is possible to concurrently correct the skew and the shift of
the sheet during carriage. Alternatively, any one of the second, and seventeenth and nineteenth embodiments may be
combined with any one of the twenty-fourth to twenty-sixth embodiments. As a result, it is possible to concurrently correct
the skew, the carriage error, and the shift of the sheet during carriage.

In the fifth to twelfth embodiments, and twentieth and twenty-sixth embodiments, the reference position of the sheet
is previously stored. However, an initial sheet position immediately before/after the carriage is started may be stored for
each carriage, and may be defined as a reference position in subsequent carriage.

Alternatively, in the fifth to eleventh embodiments, the carriage load applying means may be provided such that the
carriage load is transmitted to a back surface of the sheet. As aresult, it is thereby possible to avoid, for example, damage
to the print surface due to the carriage load.

As set forth above, the sheet carrying apparatus includes the position detecting means for detecting the position of
the sheet during carriage in the direction perpendicular to the sheet carrying direction, the calculating means for calcu-
lating the skew angle of the sheet depending upon the deviation of the position of the sheet detected by the position
detecting means from the predetermined reference position, the carrying force control means for controlling the carrying
force for the sheet during carriage, disposed on the right and left sides with respect to the sheet center line in the sheet
carrying direction so as to extend in the direction perpendicular to the sheet carrying direction, and the driving means
for independently driving the right and left carrying force control means depending upon the skew angle calculated by
the calculating means. As aresult, itis possible to correct the skew of the sheet without stopping the carriage of the sheet.
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Alternatively, the sheet carrying apparatus includes the carriage detecting means for detecting the amount of car-
riage of the sheet during carriage at the plurality of positions in the direction perpendicular to the sheet carrying direction,
the calculating means for calculating the skew angle of the sheet and the deviation of the amount of carriage depending
upon the deviations of the amounts of carriage detected by the carriage detecting means from the predetermined amount
of reference carriage, the carrying force control means for controlling the carrying force for the sheet during carriage,
disposed on the right and left sides with respect to the sheet center line in the sheet carrying direction so as to extend
in the direction perpendicular to the sheet carrying direction, and the driving means for independently driving the right
and left carrying force control means depending upon the skew angle calculated by the calculating means, and the
carriage control means for controlling the amount of sheet carriage depending upon the deviation of the amount of
carriage calculated by the calculating means. As a result, it is possible to correct the skew of the sheet and the deviation
of the carriage without stopping the carriage of the sheet.

Alternatively, the carrying force control means include the carriage load applying means for applying the carriage
load to the sheet at a portion in the upstream of the sheet carrying means. In this case, when the sheet is skewed, the
carriage load is applied to the sheet on the side carried more ahead, or the carriage load is removed from the sheet on
the side whose carriage is delayed, thereby correcting the skew of the sheet during carriage.

Alternatively, the carrying force control means include the carrying force applying means for applying the carrying
force to the sheet at a portion in the downstream of the sheet carrying means. In this case, when the sheet is skewed,
the carrying force in the carrying direction is applied to the sheet on the side whose carriage is delayed, or the carrying
force is removed from the sheet on the side carried more ahead, thereby correcting the skew of the sheet during carriage.

Alternatively, the carriage load applying means are disposed in the upstream of the sheet carrying means, and
include the load rollers rotating by pressure contact with the sheet with the predetermined pressure contacting force,
the braking means able to apply the constant or predetermined range of braking force to the load rollers, and the following
rollers disposed at positions opposed to the load rollers through the sheet. In this case, it is possible to correct the skew
of the sheet during carriage without stopping the carriage of the sheet, and simplify the structure of the sheet carrying
apparatus.

Alternatively, the carriage load applying means are disposed in the upstream of the sheet carrying means, and
include the load members to contact the sheet so as to apply the carriage load to the sheet, the pressure contact
members disposed at positions opposed to the load members through the sheet, and a pressure contact mechanism
to bring the pressure contact members into pressure contact with or disengage the pressure contact members from the
sheet. In this case, it is possible to correct the skew of the sheet during carriage without stopping the carriage of the
sheet, and apply the carriage load to the sheet in a simple structure.

Alternatively, the carriage load applying means are disposed in the upstream of the sheet carrying means, and
include the electrodes disposed at positions in contact with the sheet, and the power source to apply voltage to the
electrodes. In this case, it is possible to correct the skew of the sheet during carriage without stopping the carriage of
the sheet, and provide smaller carriage load applying means.

Alternatively, the carriage load applying means are disposed in the upstream of the sheet carrying means, and
include the magnetic members having magnetism, the inductors disposed at positions opposed to the magnetic members
through the sheet and able to attract the magnetic members, the power source to apply current to the inductors, and
the supporting mechanism to clamp the sheet between or release the sheet from between the magnetic members and
the inductors. In this case, it is possible to correct the skew of the sheet during carriage without stopping the carriage
of the sheet, and provide smaller carriage load applying means.

Alternatively, the carriage load applying means are disposed in the downstream of the sheet carrying means, and
include the clamp mechanism to clamp the distal end of the carried sheet, and the clamp drive mechanism to independ-
ently carry, by a predetermined driving force, the clamp mechanism on the right and left sides with respect to the sheet
center line in the sheet carrying direction. In this case, without a complicated mechanism, it is possible to correct the
skew of the sheet during carriage without stopping the carriage of the sheet.

Alternatively, the sheet carrying apparatus carries the sheet and the ink sheet, and include vertically movable mech-
anisms to move the ink sheet roller in a direction in contact with the ink sheet and in its reverse direction. In this case,
it is possible to correct the skew of the sheet during carriage without stopping the carriage of the sheet, and apply the
carrying force without providing the carrying force control means in the course of the sheet carrying path.

Alternatively, in the sheet carrying apparatus, one sheet is carried a plurality of times on the same carrying path,
the sheet position detected during the first carriage is stored, and the skew angle is calculated by using the stored sheet
position as the reference position during the second or later carriage. In this case, without previously setting the reference
position, it is possible to correct the skew of the sheet during carriage without stopping the carriage of the sheet.

Alternatively, the carriage detecting means are disposed on the right and left sides with respect to the sheet center
line in the sheet carrying direction so as to extend in the direction perpendicular to the sheet carrying direction, and
include the carriage detecting rollers respectively contacting the sheet so as to independently follow and rotate, and the
sensors to detect the respective rotations of the carriage detecting rollers. Further, the calculating means includes the
first calculating means for calculating carriage times depending upon output signals from the sensors so as to calculate
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the amounts of deviation of the predetermined reference time from the carriage times, and the second calculating means
for calculating the skew angle of the sheet and the deviation of the amount of carriage depending upon the amounts of
deviation calculated by the first calculating means. In this case, it is possible to find the skew angle of the sheet during
carriage and the deviation of the amount of carriage in a simple mechanism, and correct the skew of the sheet and the
deviation of the amount of carriage during carriage without stopping the carriage of the sheet.

Alternatively, the carriage detecting rollers and the load applying members are disposed at positions mutually
opposed through the sheet, and are brought into pressure contact with a predetermined pressure contacting force. In
this case, a structure of the apparatus can be simplified.

Alternatively, the second calculating means calculates the deviation of the amount of carriage for each n rotation (n
is a natural number) of the carriage detecting roller. In this case, it is possible to correct the skew of the sheet and the
deviation of the amount of carriage during carriage without stopping the carriage of the sheet. Further, it is possible to
reduce a variation in detected values of the amount of carriage due to eccentricity of the detecting roller.

Alternatively, the sheet carrying apparatus in which one sheet is carried a plurality of times on the same carrying
path, includes the registration mechanism to perform origin registration of the rotation angle of the carriage detecting
roller for each carriage of the sheet. In this case, it is possible to reduce a variation in detected values of the amount of
carriage due to eccentricity of the detecting roller.

Alternatively, in the sheet carrying apparatus, one sheet is carried a plurality of times on the same carrying path,
the amount of carriage or the carriage time of the sheet detected during the first carriage is stored, and the deviation of
the amount of carriage is calculated by using the stored amount of carriage or the stored carriage time of the sheet as
the amount of reference carriage or the reference carriage time during the second or later carriage. In this case, it is
possible to correct the skew of the sheet and the deviation of the amount of carriage during carriage without stopping
the carriage of the sheet. Further, it is possible to reduce a variation in diameter of the carriage detecting roller due to
wear, and reduce an effect due to the variation in diameter of the detecting roller.

Alternatively, in the sheet carrying apparatus, the carrying force control means control the carrying force for the
sheet at least once on the right and left sides depending upon the calculated skew angle so as to concurrently correct
the skew angle and the shift of the sheet during carriage. In this case, it is possible to correct the skew and the deviation
during carriage without stopping the carriage of the sheet.

Alternatively, the sheet carrying apparatus includes the printing means for printing onto the sheet through the print
area, the position detecting means for detecting the position of the sheet during carriage in the direction perpendicular
to the sheet carrying direction, the shift calculating means for calculating the amount of shift of the sheet depending
upon the deviation of the position of the sheet detected by the position detecting means from the predetermined reference
position, and the shift correcting means for moving the print area of the printing means in the direction perpendicular to
the sheet carrying direction depending upon the amount of shift calculated by the shift calculating means. In this case,
itis possible to correct the deviation of the print position generated due to the shift of the sheet without moving the sheet.

Alternatively, the printing means can print onto a width longer than a width of the print area in the direction perpen-
dicular to the sheet carrying direction, and the shift correcting means shifts the print area in the direction perpendicular
to the sheet carrying direction depending upon the amount of shift calculated by the shift calculating means. In this case,
itis possible to correct the deviation of the print position generated due to the shift by electrically controlling the print area.

Alternatively, the shift correcting means includes the head moving means for moving the printing means in the
direction perpendicular to the sheet carrying direction, and the head moving means are controlled depending upon the
amount of shift calculated by the shift calculating means. In this case, it is possible to correct the deviation of the print
position generated due to the shift in a simple structure.

Alternatively, in the sheet carrying apparatus, one sheet is carried a plurality of times on the same carrying path,
the sheet position detected during the first carriage is stored, and the amount of shift is calculated by using the stored
sheet position as the reference position during the second or later carriage. In this case, it is possible to correct the
deviation of the print position due to the shift, and reduce a variation in the detected amount of shift of the sheet generated
due to a slight variation in sheet shape.

Claims

1. A sheet carrying apparatus comprising:

sheet carrying means (1) for carrying a sheet;

position detecting means (20, 34) for detecting a position of the sheet during carriage in a direction perpen-
dicular to a sheet carrying direction;

calculating means (21) for calculating a skew angle of the sheet depending upon a deviation of the position
of the sheet detected by the position detecting means (20, 34) from a predetermined reference position;

carrying force control means (24a, 24b) disposed on the right and left sides with respect to a sheet center
line in the sheet carrying direction so as to extend in the direction perpendicular to the sheet carrying direction, for
controlling, during carriage, a carrying force for the sheet carried by the sheet carrying means (1); and
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driving means (23a, 23b) for independently driving the right and left carrying force control means (24a, 24b)
depending upon the skew angle calculated by the calculating means.

A sheet carrying apparatus comprising:

sheet carrying means (1) for carrying a sheet;

carriage detecting means (25a, 25b, 25¢) for detecting an amount of carriage of the sheet during carriage at
a plurality of positions in a direction perpendicular to a sheet carrying direction;

calculating means (27) for calculating a skew angle of the sheet and a deviation of the amount of carriage
depending upon deviations of the amounts of carriage detected by the carriage detecting means (25a, 25b, 25¢)
from a predetermined amount of reference carriage;

carrying force control means (24a, 24b) disposed on the right and left sides with respect to a sheet center
line in the sheet carrying direction so as to extend in the direction perpendicular to the sheet carrying direction, for
controlling, during carriage, a carrying force for the sheet carried by the sheet carrying means (1);

driving means (23a, 23b) for independently driving the right and left carrying force control means (24a, 24b)
depending upon the skew angle calculated by the calculating means (27); and

carriage control means (26) for controlling the amount of sheet carriage depending upon the deviation of the
amount of carriage calculated by the calculating means (27).

A sheet carrying apparatus according to claim 1 or 2, wherein the carrying force control means (24a, 24b) include
carriage load applying means (130a, 130b) for applying carriage load to the sheet at a portion in the upstream of
the sheet carrying means (1).

A sheet carrying apparatus according to claim 1 or 2, wherein the carrying force control means (24a, 24b) include
carrying force applying means (131a, 131b) for applying the carrying force to the sheet at a portion in the downstream
of the sheet carrying means (1).

A sheet carrying apparatus according to claim 3, wherein the carriage load applying means (130a, 130b) are dis-
posed in the upstream of the sheet carrying means (1), and include load rollers (31a, 31b) rotating by pressure
contact with the sheet with a predetermined pressure contacting force, braking means (140a, 140b, 142, 143a,
143b, 144a, 144b) able to apply a constant or predetermined range of braking force to the load rollers (31a, 31b),
and following rollers (36a, 36b) disposed at positions opposed to the load rollers (31a, 31b) through the sheet.

A sheet carrying apparatus according to claim 3, wherein the carriage load applying means (130a, 130b) are dis-
posed in the upstream of the sheet carrying means (1), and include load members (47, 48) to contact the sheet so
as to apply the carriage load to the sheet, pressure contact members (46a, 46b) disposed at positions opposed to
the load members (47, 48) through the sheet, and a pressure contact mechanism (56) to bring the pressure contact
members (46a, 46b) into pressure contact with or disengage the pressure contact members (46a, 46b) from the
sheet.

A sheet carrying apparatus according to claim 3, wherein the carriage load applying means (130a, 130b) are dis-
posed in the upstream of the sheet carrying means (1), and include electrodes (60a, 60b) disposed at positions in
contact with the sheet, and a power source (61) to apply voltage to the electrodes.

A sheet carrying apparatus according to claim 3, wherein the carriage load applying means (130a, 130b) are dis-
posed in the upstream of the sheet carrying means (1), and include magnetic members (64a, 64b) having magnet-
ism, inductors (63a, 63b) disposed at positions opposed to the magnetic members (64a, 64b) through the sheet
and able to attract the magnetic members (64a, 64b), a power source to apply current to the inductors (63a, 63b),
and a supporting mechanism (50) to clamp the sheet between or release the sheet from between the magnetic
members (64a, 64b) and the inductors (63a, 63b).

A sheet carrying apparatus according to claim 4, wherein the carrying force applying means (131a, 131b) are dis-
posed in the downstream of the sheet carrying means (1), and include a clamp mechanism (10) to clamp a distal
end of the carried sheet, and clamp drive mechanisms (65a, 65b, 66a, 66b, 12, 71a, 71b) to independently carry,
by a predetermined driving force, the clamp mechanism (10) on the right and left sides with respect to the sheet
center line in the sheet carrying direction.

A sheet carrying apparatus according to claim 1 or 2, further comprising an ink sheet (6), ink sheet carrying means

(78) for carrying the ink sheet (6) while applying tensile strength, and an ink sheet roller (75) following and rotating
by contacting the ink sheet (6),
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wherein both the sheet and the ink sheet (6) are carried in a print portion, and the carrying force control
means (24a, 24b) including vertically movable mechanisms (76a, 76b) to move the ink sheet roller (75) in a direction
in contact with the ink sheet (6) and in its reverse direction.

A sheet carrying apparatus according to claim 1, wherein one sheet is carried a plurality of times on the same
carrying path, and the calculating means (21, 38) storing a position of the sheet detected by the position detecting
means (34) during first carriage, and using the stored position of the sheet as a reference position so as to calculate
a skew angle during second or later carriage.

A sheet carrying apparatus according to claim 2, wherein the carriage detecting means (25a, 25b) are disposed on
the right and left sides with respect to the sheet center line in the sheet carrying direction so as to extend in the
direction perpendicular to the sheet carrying direction, and include carriage detecting rollers (100a, 100b) respec-
tively contacting the sheet so as to independently follow and rotate, and sensors (102a, 102b) to detect rotations of
the carriage detecting rollers (100a, 100b), and the calculating means (27) including first calculating means (38) for
calculating carriage times depending upon output signals from the sensors so as to calculate amounts of deviation
of the carriage times from a predetermined reference time, and second calculating means (38) for calculating a
skew angle of the sheet and a deviation of the amount of carriage depending upon the amounts of deviation calcu-
lated by the first calculating means.

A sheet carrying apparatus according to claim 12, wherein the carrying force control means (24a, 24b) are disposed
in the upstream of the sheet carrying means (1), and include carriage load applying means, for applying carriage
load to the sheet at a portion in the upstream of the sheet carrying means (1), having load rollers (31a, 31b) rotating
by pressure contact with the sheet with a predetermined pressure contacting force, braking means (140a, 140b,
142, 143a, 143b, 144a, 144b) able to apply a constant or predetermined range of braking force to the load rollers,
and following rollers (36a, 36b) disposed at positions opposed to the load rollers (31a, 31b) through the sheet, and
the carriage detecting rollers (100a, 100b) and the carriage load applying means (31a, 31b) being disposed at
positions mutually opposed through the sheet and being brought into pressure contact with the sheet with a prede-
termined pressure contacting force.

A sheet carrying apparatus according to claim 12 or 13, wherein the second calculating means (38) calculates a
deviation of the amount of carriage for each n rotation (n is a natural number) of the carriage detecting roller.

A sheet carrying apparatus according to claim 12 or 14, further comprising a registration mechanism (98) to perform
origin registration of a rotation angle of the carriage detecting roller for each carriage of the sheet, wherein one
sheet is carried a plurality of times on the same carrying path.

A sheet carrying apparatus according to any one of claims 2, 12, and 15, wherein one sheet is carried a plurality of
times on the same carrying path, the amount of carriage or the carriage time of the sheet detected by the carriage
detecting means (100a, 100b) during first carriage being stored, and the first calculating means (38) calculating a
deviation of the amount of carriage by using the stored amount of carriage or the stored carriage time of the sheet
as an amount of reference carriage or a reference carriage time during second or later carriage.

A sheet carrying apparatus according to claim 1 or 16, wherein the carrying force control means (24a, 24b) control
a carrying force for the sheet at least once on the right and left sides depending upon a calculated skew angle so
as to concurrently correct a skew angle and a shift of the sheet during carriage.

A sheet carrying apparatus comprising:

printing means (110) for printing onto a sheet through a print area;

position detecting means (135, 109) for detecting a position of the sheet during carriage in a direction per-
pendicular to a sheet carrying direction;

shift calculating means (136, 38) for calculating an amount of shift of the sheet depending upon a deviation
of the position of the sheet detected by the position detecting means (135, 109) from a predetermined reference
position; and

shift correcting means (138, 112) for moving the print area of the printing means in the direction perpendicular
to the sheet carrying direction depending upon the amount of shift calculated by the shift calculating means (136, 38).

A sheet carrying apparatus according to claim 18, wherein the printing means (110) can print onto a width longer
than a width of the print area in the direction perpendicular to the sheet carrying direction, and the shift correcting
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means (112) shifting the print area in the direction perpendicular to the sheet carrying direction depending upon
the amount of shift calculated by the shift calculating means (38), thereby controlling the print area.

A sheet carrying apparatus according to claim 18, wherein the shift correcting means (38) includes head moving
means (120a, 120b) for moving the printing means (110) in the direction perpendicular to the sheet carrying direction,
and the head moving means (120a, 120b) being controlled depending upon the amount of shift calculated by the
shift calculating means (38).

A sheet carrying apparatus according to claim 18 or 20, wherein one sheet is carried a plurality of times on the same
carrying path, the shift calculating means (38) storing the position of the sheet detected during first carriage, and
using the stored position of the sheet as a reference position so as to calculate an amount of shift during second
or later carriage.

37



EP 0 694 411 A2

POSITION 20
DETECTING V
MEANS
SKEW ANGLE /V,21
CALCULATING
MEANS
6c
22
SKEW DECIDING |~
MEANS
23a 23b
DRIVING MEANS DRIVING MEANS
y
CARRYING FORCE CARRYING FORCE
CONTROL MEANS CONTROL MEANS
( (N
24b

24.a

38



EP 0 694 411 A2

25a 25b 25¢c
¢ $ ¢
CARRIAGE CARRIAGE CARRIAGE
DETECTING DETECTING DETECTING
MEANS MEANS MEANS
CALCULATING |~-27
MEANS
290 6 c 2Y 28
¢y v
SKEW CARRIAGE
DECIDING DEVIATION
MEANS DECIDING
MEANS
23a 23b
) v ¢ (28
DRIVING DRIVING DRIVING
MEANS MEANS MEANS
24a 24b 26
1 ( (
CARRYING CARRYING CARRIAGE
FORCE FORCE CONTROL
CONTROL CONTROL MEANS
MEANS MEANS

39



23a

EP 0 694 411 A2

FIG, 3

POSITION
DETECTING
MEANS

SKEW ANGLE
CALCULATING
MEANS

6c

20

21

22

SKEW DECIDING
MEANS

23b

f

DRIVING

MEANS

DRIVING

MEANS

CARRIAGE LOAD
APPLYING MEANS

CARRIAGE LOAD
APPLYING MEANS

{

130a

40

Sy
130b



EP 0 694 411 A2

POSITION 20
DETECTING p— —
MEANS
\
SKEW ANGLE /~/21
CALCULATING
MEANS
6c
22
SKEW DECIDING |V —
MEANS
23a 23b
DRIVING MEANS DRIVING MEANS
CARRYING FORCE CARRYING FORCE
APPLYING MEANS APPLYING MEANS
131b

131a

1



EP 0 694 411 A2

3 3 a

| }( c \ 13 12
5 \
(cIO

333 32a / 3la
(D "‘ e
7/ (o fam ﬁf e
5 36b
5 342, ,
= 34b T

36a

42



EP 0 694 411 A2

FIG.

6

POSITI
DETECT
SENSOR

ON 34
ING [

LATCH p—37

CPU L 38
39a 30b
CLUTCH CLUTCH
CONTROL CONTROL
MEANS MEANS
32&\ (32b
ELECTROMAGNETIC ELECTROMAGNETIC
CLUTCH CLUTCH

43



EP 0 694 411 A2

44



EP 0 694 411 A2

FIG. 8

"839Pp) g ATONV MINS

CARRIAGE TIME(s)

45



EP 0 694 411 A2

FIG. 9

INPUT POSITION DATA /\/’STI

OF SHEET EDGE FROM
LATCH 37

CALCULATE SKEW ANGLE ST2
6c OF SHEET 30 BY |~
USING POSITION DATA

A

SKEW ANGLE
| 6¢c | :PERMISSIBLE
SKEW ANGLE g9

ST4
<O

SKEW ANGLE

e/

STT

{

RELEASE WHEN

ELECTROMAGNETIC

CLUTCH 32 IS
COUPLED

>0

STH

f

OQUTPUT COUPLING
SIGNAL TO CLUTCH
CONTROL MEANS 39a ST6 <0

{

OUTPUT COUPLING
SIGNAL TO CLUTCH
CONTROL MEANS 39b

46



EP 0 694 411 A2

FIG. 10
40a 40b
414q 41bp §3w42
- S1 S2

FIG. 11

40a 40b
433 43

47




EP 0 694 411 A2

438



EP 0 694 411 A2

FIG. 13

ROTATION LOAD
OF LOAD ROLLER

0° 240° 360°

2

OO

PHASE OF CAM

: LOAD ROLLER 31la

: LOAD ROLLER 31b

49



EP 0 694 411 A2

FIG. 14

POSITION 34
DETECTING {—
SENSOR

LaTcy p—~37

CPU —~38

STEPPING
MOTOR 148
CONTROL

MEANS

STEPPING }~ 147

MOTOR

50



EP 0 694 411 A2

FIG. 15

53a 56 53b

s3]
m 1 | ]
o] I i !
(%) a f | !
.  PRESSURE ! L
[ CONTACT | \ !
I
(a9 4 ] 1 : |
[£a] | [ 1 |
fry 3 | /l [ !
(@] | P | t
o 1 I ! '
A l/ 1 | :
(@] | | ] |
— I/ I o\
£Q DISENGAGE- R '
t t |
SE MENT B b
KZ H ! 1 : ‘
p-'o 1 Fl 1
oV 0 120 240 360

PHASE OF CAM (DEGREE)

OPERATION OF PRESSURE
—— . CONTACT ROLLER 46a

—-—-—: OPERATION OF PRESSURE
CONTACT ROLLER 46b

51



EP 0 694 411 A2

FIG. 17

POSITION
DETECTING
SENSOR

34

55
]

DC MOTOR
. CONTROL
MEANS

LATCH }~37

CPU L 38

53

(
CAM

DETECTING
SENSOR

y

DC MOTOR

51

52



EP 0 694 411 A2

FIG. 18

7

INPUT POSITION DATA | -
OF SHEET EDGE FROM
LATCH 37

ST1

CALCULATE SKEW ANGLE ST2
6c OF SHEET 30 BY |~
USING POSITION DATA

SKEW ANGLE <
| 8¢c | :PERMISSIBLE

SKEW ANGLE 60
ST10

> 6 \

DISENGAGE IF ANY
PRESSURE CONTACT
ROLLER 46 IS IN

PRESSURE CONTACT

ST8

Q

DETERMINE DIRECTION

OF ROTATION OF DC

MOTOR 51 ACCORDIND

TO SIGN OF SKEW ANGLE 6c¢

OTPUT DRIVE SIGNAL TO
DC MOTOR CONTROL MEANS 655

STO

s
O

53



EP 0 694 411 A2

10b 10a S
A —o =,
10

54



EP 0 694 411 A2

POSITION 34
DETECTING "
SENSOR
LATCH }~37
\
cpy |~ 38
62a 62b
\ HIGH (
VOLTAGE
SWITCH DR SWITCH
SOURCE
60a ( 60b
\ Y 61
ELECTRODE ELECTRODE
PLATE PLATE

55




EP 0 694 411 A2

FIG. 21
3 4
A
50
64
632
S
\
C \‘
Z I
5

56



EP 0 694 411 A2

FIG. 22

34 4a 672 69 30 67b 3b 4b

57



EP 0 694 411 A2

POSITION 34
DETECTING [
SENSOR
LATCH p—~— 37
A
\
CPU |— 38
70a 70b
{ {
MOTOR CONTROL MOTOR CONTROL
MEANS MEANS
66a 66b
. Y (

DRIVE MOTOR

DRIVE MOTOR

58




EP 0 694 411 A2

FIG. 24

3a 4a 7la

72 30 T7ib 3b 4b

(

59



77

v
762

EP 0 694 411 A2

60

11

0

77

76b

34a
34b

13

——

12



EP 0 694 411 A2

FIG. 28

S

Fh
. 5 Fi
FW// Ly S

1 =
m ”
)

Fip -Fip

61



EP 0 694 411 A2

85b

76b
L

POSITION 34
DETECTING
SENSOR
LATCH 37
/
CPU |— 38
8Ha
s {
ACTUATOR ACTUATOR
CONTROL CONTROL
MEANS MEANS
T6a
0\
LINEAR LINEAR
ACTUATOR ACTUATOR

62



EP 0 694 411 A2

FIG. 29

POSITION
DETECTING
SENSOR

34

LATCH p—37

91 90
927 38 (
FREE .
CORRECTION CPU REFERENCE
< RUNNING
TABLE COUNTER CLOCK

ELECTROMAGNETIC
CLUTCH CONTROL

MEANS

32a

[\

CLUTCH

ELECTROMAGNETIC

ELECTROMAGNETIC
CLUTCH CONTROL
MEANS

63

32b

{

ELECTROMAGNETIC
CLUTCH




EP 0 694 411 A2

FIG. 30

ST11 START TO
PRINT
ST12j\ T
N=0

START TO
COUNT

5 ST13

NO
ST14\
READ SENSOR
DETECTOR
v
READ CORRECTION CALCULATE SKEW
TIME : tn ANGLE 8¢
-
ST18 ST15
SELECT
COUPLING 6c<0
ST21
(
COUPLE COUPLE

ELECTROMAGNETIC
CLUTCH 32a

ELECTROMAGNETIC
CLUTCH 32b

S

ST20

NO

Tc=
N.Td+tn

YES

ST22

NO

Tc=
N .Td+tn

YES

RELEASE
ELECTROMAGNETIC
CLUTCH 32a

RELEASE
ELECTROMAGNETIC
CLUTCH 32b

|~

NO ST24

Tec=Tend

YES

FI
IS FINISHED

RST COLOR PRINT |
F

64

ST25



EP 0 694 411 A2

Q20!
qlol
ace

Zl ¢l 1o

"
S B0l 90l v
Y K
Ll | N \
N ) ) \
o \__
2
0
[
1 ~
aze
ql¢
£ f
\ /
¢ o¢

65



EP 0 694 411 A2

1022 {102b
PHOTOSENSOR PHOTOSENSOR
104
¢ f {
105—] FREE REFERENCE
RUNNING REFER
COUNTER
103 35
g 107
CORRECTION | cpru MEMORY ~
TABLE
339a 106
39b
({ { (
ELECTROMAGNETIC ELECTROMAGNETIC MOTOR
CLUTCH CONTROL CLUTCH CONTROL CONTROL
MEANS MEANS MEANS
32a 32b (11
{ MOTOR
ELECTROMAGNETIC ELECTROMAGNETIC
CLUTCH CLUTCH

66



EP 0 694 411 A2

. 33

FIG

dOVIYIVD 40 LNNOWV

Ty T3

T

[»

T

CARRIAGE TIME

FIG. 34

67



FIG. 35

C

PRINT

START TOj)

NST31

RESET FREE
RUNNING
COUNTER
Tec=0
N=0

NST32

START TO
COUNT

IS MARK

DETECTED

NO ?

YES

\ST33

ST34

SAVE COUNT
VALUE

TLO =Tc
TRo =T¢

EP 0 694 411 A2

NO

ST37

\

ST367

IS MARK
DETECTED ?

SAVE COUNT
VALUE

TLN=Tc
TRN=Tc

v

ST38

CALCULATE SKEW
ANGLE 6c¢c AND
CARRIAGE ERROR 4YN

5

v

READ CLUTCH COUPLING
TIME tn AND MOTOR
DRIVE PULSE CYCLE Wepn

N=N+1

STSS‘

ST39)
A

AY#0
CARRIAGE ‘
ERROR ?

ST40]

MOTOR DRIVE
PULSE CYCLE

W po

We

MODULATE
MOTOR DRIVE
PULSE CYCLE

6c

ST41

8c#0O >

COUPLE ELECTROMAGNETIC
CLUTCH TO CORRECT SKEW

NO

ST44 FIRS
IS F

.

NoNT1 }~ ST42

ST43

N=Nend
YES

T COLOR PRI
INISHED

N?)

68




EP 0 694 411 A2

\ o

6
N
,\/ N LI
\. X ocpl

ovi.\».llf\ m

V'.AMH“W =

: ] )
] vIg
AL 4
qi q
"Q'- H ol 9001 OOl e
f = y LEL]!
[ J\ =
¢

)

L
b

69



EP 0 694 411 A2

S102a <1ozb
PHOTOSENSOR PHOTOSENSOR
l I (104
FREE
105~ RUNNING gEgg%ENCE
COUNTER
103
. ‘/38 107
CORRECTION CPU MEMORY | —
TABLE
148 106
§ (
STEPPING MOTOR MOTOR
CONTROL MEANS CONTROL
MEANS
147 \ /,11
5 MOTOR

STEPPING MOTOR

70



EP 0 694 411 A2

ol
\III\J
S °0l 40l v S
U B
L \__1 N\ / \ )
\ ) ] ] \
s 7 Y S\ g
2
0
q20l _
qL01 N ~
ace
azg
Qe
2t gor {o iy ]
I\ 7
Lot 0¢

71



EP 0 694 411 A2

/\(%,Jm

SKEW
ANGLE ¢y

AMOUNT
OF SHIFTAXN

CARRIAGE I

FIG. 39
@ dgs
100

FIG., 40
B¢y
A% N

Ocn2 BOcyy

AXNE AX N

TIME N-Td

N-Td +t

72

N-Td+ts+t2(N+1)-Td



EP 0 694 411 A2

FIG. 41

73



EP 0 694 411 A2

FIG. 42

POSITION

MEANS

SHIFT

CALCULATING

MEANS

AX

SHIFT
MEANS

SHIFT

DETECTING

DECIDING | —

135

136

137

CORRECTING }— 138

MEANS

74



EP 0 694 411 A2

75



EP 0694 411 A2

41

10

1 =

109¢

30—

76

N

"1



EP 0 694 411 A2

FIG. 45

SENSOR

POSITION 109
DETECTING

LATCH

37

CPU

38

112

)

113

{

THERMAL HEAD
CONTROL MEANS [

IMAGE
MEMORY

HEATING
ELEMENT

RESISTIVE p—

77

114



EP 0 694 411 A2

FIG. 46

EiEo
A4X \/\
G
Go
L M
..___r—"- ——————————————————————— —'}-———-
E‘_:E_‘C L L L LA 7 P e T 7 7/ 2 D~ _'I{'_“ |
[F il
Jem i
110

78



EP 0 694 411 A2

ol
© @0l 901"

LY 'H1d

79



EP 0 694 411 A2

FIG. 48
POSITION 109
DETECTING ¢~
SENSOR

LATCH }—37

122
__38 4
CORRECTION
CPU |_ TABLE
121
ACTUATOR
CONTROL [
MEANS
120a 120b
)R (
L INEAR LINEAR

ACTUATOR ACTUATOR

80



EP 0 694 411 A2

F'1G. 49 (PRIOR ART)

81



	bibliography
	description
	claims
	drawings

